f 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



CORRECTED VERSION 



(19) World InteUectual Property 
Organizatioa 
International Bureau 

(43) International Publication Date 
15 April 2004 (15.04.2004) 




©1 APR 2005 



IHDi 


111 


iilllllil 


no 


iiiii 


HiniH 


mii 



PCX 



(10) Internatioiial Publication Number 

WO 2004/031221 Al 



C07K7/06, 



(51) International Patent Classification'': 
A61K 38/08, A61P 35/00 

(21) International Application Number: 

PCT/n2003/000726 

(22) International Filing Date: 3 October 2003 (03.10.2003) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 
20021762 



3 October 2002 (03. 10.2002) FI 



(71) Applicant (for all designated States except US): 
— KARYON OY [FIAT]; Viikinkaari 4, FIN-00790 Helsinld 
= (FI). 

^= (72) Inventors; and 

= (75) Inventors/Applicants (^or{/5c>n(y): BERGMAN, Matii- 

= las [FI/FI]; Skutholminkaari 16, FIN-01100 Ostersundom 

= (FI). AUVINEN, Merja [FI/FI]; Kulmakatu 8 A 4, FIN- 

= 00170 Helsinld (FI). ELO, Hannu [FI/FI]; Kauppaneuvok> 

= sentie 12, FIN-00200 Helsinki (FI). 

~ (74) Agent: KOLSTER OY AB; Iso Roobeitinkatu 23, 
= P.O.B0X 148, FIN-00121 Helsinki (FI). 

(81) Designated States (national)i AE, AG, AL, AM, AT (util- 
= ity model), AT, AU, AZ. BA, BB, BG, BR, BY, BZ. CA, 
^5 CH, CN, CO, CR, CU, CZ (utility model), CZ, DE (util- 
B ity model), DE, DK (utility model), DK, DM, DZ, EC, EE 
^= (utility model), EE, EG, ES, FI (utility model), FI, GB, GD, 
~ GE, GH, GM, HR. HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, 
= KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, 
MW, MX, MZ, NI, NO, NZ, OM, PG, PH, PL, FT (utility 
^ model), PT, RO, RU, SC, SD, SE, SG, SK (utility model), 
^ SK, SL, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, 
VC, VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO utility model (GH), 
^ ARIPO patent (GH), ARIPO utility model (GM), ARIPO 
J2 patent (GM), ARIPO utility model (KE), ARIPO patent 



(KE). ARIPO utility model (LS), ARIPO patent (LS), 
ARIPO utility model (MW), ARIPO patent (MW), ARIPO 
utility model (MZ), ARIPO patent (MZ), ARIPO utility 
model (SD), ARIPO patent (SD), ARIPO utility model 
(SL), ARIPO patent (SL), ARIPO utility model (SZ), 
ARIPO patent (SZ), ARIPO utility model (TZ), ARIPO 
patent (TZ), ARIPO utility model (UG), ARIPO patent 
(UG), ARIPO utility model (ZM), ARIPO patent (ZM), 
ARIPO utility model (ZW), ARIPO patent (ZW). Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), Euro- 
pean patent (AT, BE. BG, CH, CY, CZ, DE. DK, EE, ES, 
H, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, SE, SI, 
SK, TR). OAPI patent (BF, BJ, CF, CG, CI, CM. GA, GN, 
GQ. GW, ML, MR, NE, SN, TD, TG). 

Declarations under Rule 4^17: 

— as to applicant's entitlement to apply for and be granted 
a patent (Rule 4.17(ii)) for the following designations AE, 
AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BY, BZ, CA, CH, 
CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, 
FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, 
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, 
MG, MK, MN, MW, MX, MZ, Nl, NO, NZ, OM, PG, PH, 
PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM, TN, 
TR, TT, TZ, UA, UG, UZ, VC, VN, YU, ZA, ZM, ZW, ARIPO 
patent (GH, GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, 
ZM, ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, 
TJ, TM), European patent (AT, BE, BG, CH, CY, CZ, DE, 
DK, EE, ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, 
RO, SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG) 

— of inventorship (Rule 4. 1 7( iv))for US only 

Published: 

— with international search report 

(48) Date of publication of this corrected version: 

8 July 2004 

(15) Information about Correction: 

see PCT Gazette No. 28/2004 of 8 July 2004, Section n 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette, 



O (54) TiUe: TUMOR TARGETING AGENTS AND USES THEREOF 

(57) Abstract: This invention relates to novel tumor targeting motifs, units and agents, as well as tumor targeting peptides and 
analogues thereof. The targeting agents typically comprise at least one targeting motif, Aa-Bb-Cc, and at least one effector unit. The 
invention further relates to specific tumor targeting peptides, pharmaceutical and diagnostic composisitons comprising such peptides. 
Disclosed are also methods for diagnosing or treating cancer. 



wo 2004/031221 ^BFCT/FI2003/000726 



Tumor targeting agents and uses thereof 



FIELD OF THE INVENTION 

The present Invention relates to tumor targeting agents comprising 
at least one targeting unit and at least one effector unit, as well as to tumor 
targeting units and motifs. Further, the present invention concerns pharmaceu- 
tical and diagnostic compositions comprising such targeting agents or targeting 
units, and the use of such targeting agents and targeting units as pharmaceu- 
ticals or as diagnostic tools. The invention further relates to the use of such 
targeting agents and targeting units for the preparation of pharmaceutical or 
diagnostic compositions and for the preparation of reagents to be used in di- 
agnosis or research. Furthermore, the invention relates to kits for diagnosing or 
treating cancer and metastases. Still further, the invention relates to methods 
of removing, selecting, sorting and enriching cells, and to materials and kits for 
use In such methods. 

BACKGROUND OF THE INVENTION 

Malignant tumors are one of the greatest health problems of man as 
well as animals, being one of the most common causes of death, also among 
young individuals. Available methods of treatment of cancer are quite limited, 
in spite of intensive research efforts during several decades. Although curative 
treatment (usually surgery in combination with chemothreapy and/or radiother- 
apy) is sometimes possible, malignant tumors (cancer) still are one of the most 
feared diseases of mankind, requiring a huge number of lives every year. In 
fact, curative treatment is rarely accomplished if the disease is not diagnosed 
early. In addition, certain tumor types can rarely, if ever, be treated curatively. 

There are various reasons for this very undesirable situation but the 
most important one is clearly the fact that neariy all (if not all) treatment sched- 
ules (except surgery) lack sufficient selectivity. Chemotherapeutic agents 
commonly used, such as alkylating agents, platinum compounds (e.g. cis- 
platin), bleomycin-type agents, other alkaloids and other cytostatic agents in 
general, do not act on the malignant cells of the tumors alone but are highly 
toxic to other cells as well, being usually especially toxic to rapidly dividing cell 
types, such as hematopoietic and epithelial cells. The same applies to radio- 
therapy. 

In addition to the above mentioned complications, two further major 
problems plague the non-surgical treatment of malignant solid tumors. First, 
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physiological barriers within tumors impede the delivery of therapeutics at ef- 
fective concentrations to all cancer cells. Second, acquired drug resistance re- 
sulting from genetic and epigenetic mechanisms reduces the effectiveness of 
available drugs. 

The treatment of cancer patients with currently available, largely 
non-selective, chemotherapeutic agents or radiotherapy results often also in 
undesirable side effects. In order to improve the effect of chemotherapeutic 
agents and to diminish the side effects It would be extremely important to iden- 
tify agents that are capable of targeting to specific organs or tissues or to tu- 
mor tissues and to carry the desired cytotoxic or other drugs specifically to 
these organs or tissues. 

The same applies also to a specific field of cancer treatment, 
namely neutron capture therapy, in which a non-radioactive nucleus (e.g. "'^B, 
^^^Gd or ®Li) is converted into a radioactive nucleus in vivo in the patient with 
the aid of thermal (slow) neutrons from an external source, in this case, some 
prior art agents are claimed to have some 2-3 fold selectivity for at least some 
types of tumors, but the results obtained have been mainly disappointing and 
negative. Specific targeting agents would offer remarkable advantages also in 
this field. 

Also in the diagnosis of cancer and of metastases, including the fol- 
low-up of patients and the study of the effects of treatment on tumors and me- 
tastases, more reliable, more sensitive and more selective methods and 
agents would be a great advantage. This is true for all methods currently in 
use, such as nuclear magnetic resonance imaging (NMR, MRI), X-ray meth- 
ods, histological staining methods (for light microscopy and electron micros- 
copy and related methods, and in the future possibly also NMR, infrared, elec- 
tron spin resonance and related methods) and in general any imaging as well 
as laboratory methods (histology, cytology, cell sorting, hematological studies, 
FACS and so on) known by specialists in the field. Here, agents capable of 
targeting an entity for detection (a spin label, a radioactive substance, a para- 
magnetic contrast agent for NMR or a contrast agent for X-ray imaging or to- 
mography, a boron atom for neutron capture and so on) specifically or selec- 
tively to tumor tissues, metastases or tumor cells and/or to tumor endothelium 
would be a great advantage. 

Solid tumor growth is angiogenesis-dependent, and a tumor must 
continuously stimulate the growth of new microcapillaries for continued growth. 
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Tumor blood vessels are structurally and functionally different from their nor- 
mal resting counterparts. In particular, endothelial cells lining new blood ves- 
sels are abnomnal in shape, they grow on top of each other and project into the 
lumen of the vessels. This neovascular heterogeneity depends on the tumor 
type and on the host organ in which the tumor is growing. Therefore vascular 
pemieability and angiogenesisis are unique in every different organ and in tu- 
mor tissue derived from the organ. 

There are numerous publications disclosing peptides homing to dif- 
ferent cell and tissue types. Some of these are claimed to be useful as cancer 
targeting peptides. Among the earliest identified homing peptides described 
are the integrin and NGR-receptor targeting peptides described by Ruoslahti et 
ah, in e.g., US Patent No 6,180,084. These peptides home to angiogenic vas- 
culature and bind to the NGR-receptor. 

When tumors switch to the angiogenic phenotype and recruit new 
blood vessels, endothelial cells in these vessels express proteins on the lu- 
minal surface that are not produced by normal quiescent vascular endothe- 
lium. One such protein is avp3 integrin. US Patent publication, US 6,177,542, 
discloses a peptide that can bind specifically to avps integrin. The tumor ves- 
sel specific targets described are adhesion molecules that mediate binding of 
endothelial cells to the vascular basement membrane. This peptide is a nine- 
residue cyclic peptide containing an ArgGlyAsp (RGD) sequence. Pasqualini et 
al., (1997) showed that when injected Intravenously the peptide was able to 
home to blood vessels of murine and human tumors in mice 40-80 fold more 
efficiently than to those of control organs. It was suggested that RGD peptides 
may be suitable tools in tumor targeting for diagnostic and therapeutic pur- 
poses. However, integrin-binding peptides may interfere with cell attachment in 
general, and are thus not suitable for clinical applications for selective tumor 
targeting. 

International Patent Publication WO 00/67771 provides endostatin 
peptides comprising the amino acid sequence RLQD, RAD, DGK/R, Other ex- 
amples of peptides that home to angiogenic vasculature are described in US 
Patent Nos 5,817,750 and 5,955,572. These peptides recognize RGD. 

US Patent 5,628,979 describes oligopeptides for In vivo tumor imag- 
ing and therapy. The oligopeptides contain 4 to 50 amino acids, which contain 
as a characteristic triplet the amino acid sequence Leu-Asp-Val (LDV). This 
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triplet is reported to provide the oligopeptide with in vivo binding affinity for 
LDV binding sites on tumors and other tissues. 

International Patent publication WO 99/47550 describes cyclic pep- 
tides, containing an HWGF motif, that are specific inhibitors of MMP-2 and 
MMP-9. They have also found that the cyclic decapeptide CTTHWGFTLC spe- 
cifically inhibits the activities of these enzymes, suppresses migration of both 
tumor cells and endothelial cells in vitro, homes to tumor vasculature In vivo, 
and prevents the growth and invasion of tumors in mice. However, peptides 
that act as inhibitors of MMPs show background binding to non-tumor tissues. 
The fact that MMPs are expressed also in normal tissue throughout the body 
also makes the administration of such peptides to humans or animals hazard- 
ous and even fatal, since the activity of these enzymes is required for normal 
tissue functions (Hidalgo and Eckhardt, 2001). 

US Patent publication US 2002/0 102265 A 1 describes a peptide, 
TSPLNIHNGQKL, that targets squamous cell cancer cell lines, and becomes 
internalized into cells in vitro. This peptide also targets experimental squamous 
carcinomas in nude mice. 

US Patent Nos. 5,622,699 and 6,068,829 disclose a family of pep- 
tides comprising an SRL motif, which selectively home to brain. 

International Patent publication WO 02/20769 discloses methods for 
identifying tissue specific peptides by phage display and biopanning. Some of 
the identified peptides are suggested to be tumor specific. 

Although there are known homing peptides that bind to tumor vas- 
culature, there are still very scarce reports on targeting agents that actually 
target tumor cells and tissues in vivo. Most of the previously described target- 
ing peptides are vasculature specific. Thus, there is still an established need 
for new agents that target selectively to tumor tissue, tumor vasculature, or 
both. 

For therapeutic applications, targeting peptides have been conju- 
gated to doxorubicin in an uncontrolled fashion, obviously resulting in mixtures 
of products or at least in an undefined structure and possibly also resulting in 
unefficient action and especially in difficulties in the identification, purification, 
quality control and quantitative analysis of the agent, even the amount of 
doxorubicin per peptide molecule remaining unknown (e.g. Arap et aL, 1998). 
The unspecific conjugation process might also impair the targeting functions of 
the peptide. 
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Another very serious disadvantage of the prior art is that most of the 
described targeting peptides appear to target to the tumor endothelium only 
and not to the tumor mass itself. For example, the targeting peptide used by 
Nicklin et al. (2000) directed adenovirus DNA transfection to resting endothelial 
cells in vitro, under conditions that hardly could be applied in vivo. 

The targeting units according to the present invention offer an ad- 
vantage over the prior art in that they seem to target to both the tumor endo- 
thelium and the tumor cell mass. This fact provides the possibility to target and 
destroy tumor endothelium supporting tumor growth as well as the tumor mass 
itself. A major advantage of this approach comes from the fact that the endo- 
thelium is a genetically stable tissue that will not acquire drug resistance but 
will be irreversibly eliminated. 

It is not known whether the prior art targeting peptides are universal 
in the sense of being capable to target to any malignant tumor type. Thus, their 
use as targeting therapeutic agents to a certain specified tumor may be com- 
pletely useless, giving no therapeutic advantage or effect over the free thera- 
peutic agent itself. An even more serious drawback is that the use of such tar- 
geting agents in diagnostic procedures may not reveal all existing tumors and 
the malignant process may remain unrecognized. 

The present invention offers a significant improvement in view of the 
prior art, since the targeting agents here described were found to target to all 
of the various tumor types tested. Remari<ably, they target, for example, sar- 
comas, such as Kaposi's sarcoma, omithine decarboxylase (ODC) overex- 
pressing, highly angiogenic tumors, carcinomas, and to human primary and 
metastatic melanomas. 

BRIEF DESCRIPTION OF THE INVENTION 

It is an object of the present invention to provide novel tumor and 
angiogenic tissue targeting agents that comprise at least one targeting unit 
and, optionally, at least one effector unit. In particular, the invention provides 
targeting units comprising at least one motif that is capable of targeting both 
tumor endothelium and tumor cell mass. Such targeting units, optionally cou- 
pled to at least one effector unit, are therapeutically and diagnostically useful, 
especially in the treatment and diagnosis of cancer, including metastases. Fur- 
thermore the targeting agents according to the present invention are useful for 
cell removal, selection, sorting and enrichment. 
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It is a second object of this invention to provide phamnaceutical and 
diagnostic compositions comprising at least one targeting agent or at least one 
targeting unit comprising at least one motif capable of specifically targeting tu- 
mors, tumor cells and tumor endothelium. 

Further, it is a third object of the Invention to provide novel diagnos- 
tic and therapeutic methods and kits for the treatment and/or diagnosis of can- 
cer. 

The present invention is based on the finding that a group of pep- 
tides having specific amino acid sequences or motifs are capable of selectively 
targeting tumors in vivo and tumor cells in vitro. Thus, the peptides of this in- 
vention, when administered to a human or animal subject, are capable of se- 
lectively binding to tumors but not to normal tissue in the body. 

The present invention is also directed to the use of the targeting 
agents and analogues thereof for the manufacture of a phamnaceutical or 
diagnostic composition for treating or diagnosing cancer. 

The targeting units of this invention may be used as such or coupled 
to at least one effector unit. Such substances can destroy the tumors or hinder 
their growth. The targeting units and targeting agents of this invention can tar- 
get also metastases and therefore they may be used to destroy or hinder the 
growth of metastases. As eariy diagnosis of metastases is very important for 
successful treatment of cancer, an important use of the targeting units and tar- 
geting agents of this invention is In early diagnosis of tumor metastases. 

The present invention further encompasses salts, derivatives and 
analogues of the targeting units and targeting agents, as described herein, as 
well as uses thereof. 

It Is a further object of the present invention to provide diagnostic 
and pharmaceutical compositions comprising targeting agents according to the 
present Invention, as well as therapeutic and diagnostic methods for the treat- 
ment and diagnosis of cancer, utilizing targeting agents according to the pre- 
sent invention. Also provided are kits for use in such methods or for research 
purposes, as well as in cell sorting or removal. 

Especially preferred embodiments of the present Invention relate to 
a group of small, cyclic tumor targeting peptides comprising a motif, LRS or 
SRL, optionally coupled to an effector unit and other additional units, as de- 
scribed in more detail herein. 
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DETAILED DESCRIPTION OF THE INVENTION 

For the purpose of this invention, the term "cancer" is used herein in 
its broadest sense, and includes any disease or condition involving trans- 
formed or malignant cells. In the art, cancers are classified into five major 
categories, according to their tissue origin (histological type): carcinomas, sar- 
comas, myleomas, and lymphomas, which are solid tumor type cancers, and 
leukemias, which are "liquid cancers". The term cancer, as used In the present 
invention, is intended to primarily include all types of diseases characterized by 
solid tumors, including disease states where there is no detectable solid tumor 
or where malignant or transfomned cells, "cancer ceils", appear as diffuse infil- 
trates or sporadically among other cells in healthy tissue. 

The terms "amino acid"and "amino alcohol" are to be interpreted 
herein to include also diamine, triamino, oligoamino and polyamino acids and 
alcohols; dicarboxyl, tricarboxyl, oligocartDoxyl and polycarboxyl amino acids; 
dihydroxyl, trihydroxyl, oligohydroxyl and polyhydroxyl amino alcohols; and 
analogous compounds comprising more than one carboxyl group or hydroxyl 
group and one or more amino groups. 

By the term "peptide" is meant, according to established terminol- 
ogy, a chain of amino acids (peptide units) linked together by peptide bonds to 
form an amino acid chain. Peptides may be cyclic as described below. For the 
purposes of the present invention, also compounds comprising one or more D- 
amino acids, p-amino acids and/or other unnatural amino acids (e.g. amino ac- 
ids with unnatural side chains) are included in the term "peptide". For the pur- 
poses of the present invention, the term "peptide" is intended to Include peptl- 
dyl analogues comprising modified amino acids. Such modifications may com- 
prise the introduction or presence of a substituent in a ring or chain; the intro- 
duction or presence of an "extra" functional group such as an amino, hy- 
drazine, cartDoxyl, fomnyl (aldehyde) or keto group, or another moiety; and the 
absence or removal of a functional group or other moiety. The term also in- 
cludes analogues modified in the amino- and/or carboxy termini, such as pep- 
tide amides and /V-substituted amides, peptide hydrazides, A/-substituted hy- 
drazides, peptide esters, and their like, and peptides that do not comprise the 
amino-terminal -NH2 group or that comprise e.g. a modified amino-terminal 
amino group or an imino or a hydrazine group instead of the amino-terminal 
amino group, and peptides that do not comprise the carboxy-terminal carboxyl 
group or comprise a modified group instead of it, and so on. 
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Some examples of possible reaction types that can be used to mod- 
ify peptides, forming "peptidyl analogues", are e.g., cycloaddition, condensa- 
tion and nucleophilic addition reactions as well as esteriflcation, amide fomia- 
tion, formation of substituted amides, A^aikylation, formation of hydrazides, salt 
fomnation. Salt formation may be the fomnation of any type of salt, such as al- 
kali or other metal salt, ammonium salt, salts with organic bases, acid addition 
salts etc. Peptidyl analogues may be synthesized either from the correspond- 
ing peptides or directly (via other routes). 

Compounds that are structural or functional analogues of the pep- 
tides of the Invention may be compounds that do not consist of amino acids or 
not of amino acids alone, or some or all of whose building blocks are modified 
amino acids. Different types of building blocks can be used for this purpose, as 
is well appreciated by those skilled in the art. The function of these compounds 
in biological systems is essentially similar to the function of the peptides. The 
resemblance between these compounds and the original peptides is thus 
based on structural and functional similarities. Such compounds are called 
peptidomimetic analogues, as they mimic the function, conformation and/or 
structure of the original peptides and, for the purposes of the present invention, 
they are included in the tenm "peptide". 

A functional analog of a peptide according to the present invention 
is characterized by a binding ability with respect to the binding to tumors, tumor 
tissue, tumor cells or tumor endothelium which is essentially similar to that of 
the peptides they resemble. 

For example, compounds like benzolactam or piperazine containing 
analogues based on the primary sequence of the original peptides can be 
used (Adams et al., 1999; Nakanishi and Kahn, 1996a, 1996b; Houghten et al., 
1999; Nargund et al., 1998). A large variety of types of peptidomimetic sub- 
stances have been reported in the scientific and patent literature and are well 
known to those skilled in the art. Peptidomimetic substances (analogues) may 
comprise for example one or more of the following structural components: re- 
duced amides, hydroxyethylene and/or hydroxyethylamine isosteres, A/-methyl 
amino acids, urea derivatives, thiourea derivatives, cyclic urea and/or thiourea 
derivatives, poly(ester imide)s, polyesters, esters, guanidine derivatives, cyclic 
guanidines, imidazoyi compounds, Imidazolinyl compounds, imidazolidinyl 
compounds, lactams, lactones, aromatic rings, bicyclic systems, hydantoins 
and/or thiohydantoins as well as various other structures. Many types of com- 
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pounds for the synthesis of peptidomimetic substances are available from a 
number of commercial sources (e.g. Peptide and Peptidomimetic Synthesis, 
Reagents for Drug Discovery, Fluka ChemieGmbH, Buchs, Switzerland, 2000 
and Novablochem 2000 Catalog, Calbiochem-Novablochem AG, Laufelfingen, 
Switzerland, 2000). The resemblance between the peptidomimetic compounds 
and the original peptides is based on structural and/or functional similarities. 
Thus, the peptidomimetic compounds mimic the properties of the original pep- 
tides and, for the purpose of the present application, their binding ability is 
similar to the peptides that they resemble. Peptidomimetic compounds can be 
made up, for example, of unnatural amino acids (such as D-amino acids or 
amino acids comprising unnatural side chains, or of p-amino acids etc.), which 
do not appear in the original peptides, or they can be considered to consist of 
or can be made from other compounds or structural units. Examples of syn- 
thetic peptidomimetic compounds comprise N-alkylamino cyclic urea, thiourea, 
polyesters, poly(ester imide)s, bicycllc guanldines, hydantoins, thiohydantolns, 
and imidazol-pyridlno-inoles (Houghten et al. 1999 and Nargund et al., 1998). 
Such peptidomimetic compounds can be characterized as being "structural or 
functional analogues" of the peptides of this Invention. 

For the purpose of the present invention, the term "targeting unit" 
stands for a compound, a peptide, capable of selectively targeting and selec- 
tively binding to tumors, and, preferably, also to tumor stroma, tumor paren- 
chyma and/or extracellular matrix of tumors. Another term used in the art for 
this specific association is "homing". Tumor targeting means that the targeting 
units specifically bind to tumors when administered to a human or animal body. 
More specifically, the targeting units may bind to a cell surface, to a specific 
molecule or stmcture on a cell surface or within the cells, or they may associ- 
ate with the extracellular matrix present between the cells. The targeting units 
may also bind to the endothelial ceils or the extracellular matrix of tumor vas- 
culature. The targeting units may bind also to the tumor mass, tumor cells and 
extracellular matrix of metastases. 

Generally, the terms "targeting" or "binding" stand for adhesion, at- 
tachment, affinity or binding of the targeting units of this invention to tumors, 
tumor cells and/or tumor tissue to the extent that the binding can be objectively 
measured and determined e.g., by peptide competition experiments in vivo or 
ex vivo, on tumor biopsies in vitro or by immunological stainlngs in situ, or by 
other methods known by those skilled in the art. The exact mechanism of tfie 
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binding of targeting units according to the present invention is not known. 
Tageting peptides according to the present invention are considered to be 
"bound" to the tumor target in vitro, when the binding is strong enough to with- 
stand normal sample treatment, such as washes and rinses with physiological 
saline or other physiologically acceptable salt or buffer solutions at physiologi- 
cal pH, or when bound to a tumor target in vivo long enough for the effector 
unit to exhibit its function on the target. 

The binding of the present targeting agents or targeting units to tu- 
mors is "selective" meaning that they do not bind to normal cells and organs, 
or bind to such to a significantly lower degree as compared to tumor cells and 
organs. 

Phannaceutlcally and diagnostically acceptable salts of the target- 
ing units and agents of the present invention include salts, esters, amides, hy- 
drazides, N-substituted amides, N-substituted hydrazides, hydroxamic acid de- 
rivatives, decarboxylated and N-substituted derivatives thereof. Suitable phar- 
maceutically acceptable salts are readily acknowledged by those skilled in the 
art. 

TARGETING MOTIFS ACCORDING TO THE PRESENT INVENTION 

It has now surprisingly been found that a three-amino-acid motif Dd- 
Ee-Ff, wherein Dd-Ee-Ff is Aa-Bb-Cc, Cc-Bb-Aa, Bb-Cc-Aa, Aa-Cc-Bb, Cc-Aa- 
Bb or Bb-Aa-Cc, preferably Aa-Bb-Cc or Cc-Bb-Aa; and 
Aa is isoleucine, leucine or tert-leucine, or a stmctural or functional analogue 
thereof; 

Bb is arginine, homoarginine or canavanine, or a structural or functional ana- 
logue thereof; and 

Cc is glutamic acid or aspartic acid, or a structural or functional analogue 
thereof. 

targets and exhibits selective binding to tumors and cancers and tumor cells 
and cancer cells. 

Aa according to the present invention may comprise in its sidechain 
a branched, non-branched or alicyclic structure with at least two siminal or dif- 
ferent atoms selected from the group consisting of carbon, silicon, halogen 
bonded to carbon, ether-oxygens and thioether-sulphur. The analogue may be 
selected from the group consisting of branched, non-branched or cyclic 
non-aromatic, lipophilic and hydrophobic amino acids or amino acid analogues 
or derivatives or structural and/or functional analogues thereof; amino acids or 
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carboxylic acids or amino acid analogues or derivatives or carboxylic acid ana- 
logues or derivatives having one or more lipophilic cariDorane-type or other li- 
pophilic boron-containing side chains or other lipophilic cage-type structures. 

Aa may be selected from the group consisting of: 
1) a-amino acids whose side chain is one of the following: 

- ethyl 

- propyl 

- 1-methylpropyl (the side chain of isoleucine) 

- 2-methylpropyl (the side chain of leucine) 

- 2,2-dimethylpropyl 
1 -ethylpropyl 

- fe/t-butyl 
ferf-pentyl 

- 3-methylbutyl 

- 2-methylbutyl 

- methylbutyl 

- ethylbutyl 

- 2-ethylbutyl 

- cyclohexyl 

- 2-methyIcyclohexyl 

- cyclopentyl 

- 2-methylcyclopentyl 

- 3-methylcyclohexyl 

- cyclobutyl 

- cyclopropyl 

- 2-methylcyclopropyl 

- methoxyethyl 

- methoxyethyl 

- methoxymethyl 

- ethoxymethyl 

- 2-ethoxyethyl 

- 1-ethoxyethyi 

- 2-methoxypropyl 

- 2,2-dimethoxypropyl 

- 1-methylpropyl 

- 1 -methylbutyl 
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- 1-methylpentyl 

- 1,1-climethylpropyl 

- 1,1-dimethylbutyl 

- 1,1-dimethylpentyl 

- 1 ,2-dimethylpropyl 
1 -cyclopropylethyl 

- 2-cyclopropyIethyl 

- cyclopropylmethyl 

- 1 -cyclopropylethyl 

- 1 -cyclopropylpropyl 

- 2-cyclopropyIpropyl 

- 3-cyclopropylpropyl 

- any cyclobutylalkyi 
1-ethylpropyl 

- 1-methylethyl 

- other mono-, di-, tri- or oligoalkyl-alkyi 

- other cyclic alkyi or substituted cyclic alkyl or alkyi that is substituted 
with one or more substituted or unsubstituted cycloalkyi group(s) 
and optionally one or more alkyl group(s) 

- allyl 

- vinyl 

- 1-methylallyl 

- 1-ethylallyl 
1-ethylvinyl 

- 1-propenyl 

- 1 -methyl-1 -propenyl 
methyl-1 -propenyl 

- methyl-1 -propenyl 
1-ethyl-1 -propenyl 

- ethyl-1 -propenyl 

- ethyl-1 -propenyl 

1 -methyl-1 -butenyl 

- methyl-l -butenyl 

- methyl-1 -butenyl 
1 -ethyl-1 -butenyl 

- 2- ethyl-1 -butenyl 
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- ethyI-2-butenyl 

- ethyl-2-butenyl 

- ethyl-3-butenyl 

- ethyl-3-butenyl 

- ethyl-3-butenyl 

2) any of the following carboxylic acids, including any optical isomers thereof, : 

- 4-niethylpentanolc acid 

- 3- methylpentanoic acid 

- 4,4-dimethylpentanoic acid 
3,4-dimethylpentanoic acid 

- 3,3-dimethylpentanolc acid 

- 3-methylhexanoic acid 

- 4-methylhexanoic acid 
5-methylhexanoic acid 

- 2-ethylpentanoic acid 

- 3-ethylpentanoic acid 

- 4-ethylpentanoic acid 

- 2-cyclopropylpentanoic acid 

- 3-cyclopropylpentanoic acid 

- 4-cyclopropylp6ntanoic acid 

- 2-methylbutanoic acid 

- 3-methylbutanoic acid 

- 4-methylbutanoic acid 
2-cyclopropylbutanoic acid 

- 3-cyclopropylbutanoic acid 

- 4-cyclopropylbutanoic acid 

3) any optical and geometrical isomer of any of the following compounds: 

- 2-amino-4-methyl-3-pentenoic acid 

- 2-amino-4-methyl-4-pentenoic acid 

- 2-amino-5-methyl-3-hexenoic acid 

- 2-amino-5-methyl-4-hexenoic acid 

- 2-amino-5-methyl-5-hexenoic acid 
and 

4) aminosubstituted (Af-substituted) analogues of the amino-comprising com- 
pounds of points 1 and 3 that bear at the amino group 

- one methyl, ethyl, propyl, isopropyl or other alkyi group 
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- one cycloalkyi group 

- one 9-fluorenylmethyloxycarbonyl (FMOC) group 

- one benzyloxycarbonyl (Cbz) group 

- one fe/f-butyloxycarbonyl (BOC) group 

- two identical, similar or different groups selected fronn the ones men- 
tioned above in this point (point 4). 

Aa may also be an a-amino acid (either L- or D- amino acid) of the 

formula 

- CR2 (NH2) - COOH wherein the side chain is selected from 
the side chains listed above, and the side chain R^ is selected from the group 
consisting of: hydrogen, methyl, ethyl and propyl. 

Bb according to the present invention may be selected from the 
group consisting of amino acids or structural or functional analogues thereof 
containing one or more guanyl groups, aminodino groups or their analogues 
and derivatives and structural or functional equivalents; one or more groups 
containing at least two nitrogen atoms each and have or can gain a delocal- 
ized positive charge. 

Bb may be selected from the group of compounds of the following 

fomnula: 

f f 

— R"^ 




H — (j) — COOH 
NH2 

wherein R1 - R5 is liydrogen or metliyl, 1=12 and R3 may fomn -CH2-CH2- and 
n is 1-6. 

Preferably, Bb is tlie L- or D- form of arginine, 
liomoarginine, 
canavanine, 
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2-amino-8-guanidino-octanoic acid, 
2-amino-7-guanidino-octanoic acid, 
2-annino-6-guanidino-octanoic acid, 
2-amino-5-guanidino-octanolc acid, 
2-amino-7-guanldino-heptanoic acid, 
2-amlno-6-guanidino-heptanoic acid, 
2-amino-5-guanidino-heptanoic acid, 
2-amino-4-guanidino-lieptanoic acid, 
2-amino-5-guanidino-liexanoic acid, 
2-amino-4-guanidino-hexanoic acid, 
2-amino-3-guanidino-hexanoic acid, 
2-amino-4-guanidino-pentanoic acid, 
2-amino-3-guanidino-pentanoic acid. 

Cc is an amino acid or a structural or functional analogue thereof 
comprising at least one side-chain carboxyl group, esterifled carboxyl group, 
ketoxime, aldoxime, hydroxamic acid group, ketone-carbonyl or aldehyde- 
carbonyl. 

Cc may be selected from the group consisting of: 
glutamic acid 
aspartic acid 

any other monoamlnodlcarboxylic or -tricarboxylic acid 
any other dicarboxyllc acid 

any other aminocarboxylic acid comprising an aliphatic or other side chain that 
comprises one or more carboxyl (COOH) function(s) and/or esterified carboxyl 
function(s) and/or ketoxime and/or aldoxime and/or hydroxamic acid and/or ke- 
tone and/or aldehyde function(s). 

Preferably Cc is the L- or D- fomr] of 
glutamic acid, 
aspartic acid, 
2-aminopropanedioic acid, 
2-aminohexanedioic acid, 
2-amlnoheptanediolc acid, 
2-amlnooctanediolc acid, 
or any other 2- aminoalkanedioic acid. 
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Alternatively, the motif Aa-BI>Cc, as a whole, according to the pre- 
sent invention Is a structural or functional analogue of a structure where Aa, Bb 
and Co are as defined above. 

Prefen-ed embodiments of the present invention include tumor tar- 
geting motifs Aa-Bb-Cc selected from those given In Table 1 as well as struc- 
tural and functional analogues thereof. 



TABLE 1 






Aa 








1 


L-isoleucine 


L-arginine 




2 


D 


n 


L-yiUlall llo dOlU 


3 D-isoleucine 


D-arginine 


L^-aSpalllC aOlU 


4 




n 


D-nlutaniic acid 


5 


L-ieucine 


i-~arginino 


L-asnartic acid 


6 


u 


u 


L -nlutAinic acid 

^ ^lutmiiiw 


7 


D-lGUcine 


Li-arginine 


D-asnarttc acid 


Q 

D 


n 


n 


n-nliitjimin acid 

L^^IULCUIIIw hWIVI 


r\ 
9 


L'lSOiBucine 


L-nomoarginine 


1 -a^nart'tf! acid 

^ ClO|i^Cll ilw dwiu 


10 


It 


n 


L-nliitamic acid 


11 


D-isoleucine 


L/~i lUi llUcliy II HI Iw 


D-asoartic acid 


12 


a 


II 


D-glutamic acid 


13 


L-leucine 


L-homoarainine 


L-aspartic acid 


14 


11 


n 


L-gtutamic acid 


15 


D-leucine 


n-homnarninine 

I IWI i IwCll ^11 III Iw 


D-aspartic acid 


16 




11 


D-glutamic acid 


17 


L-2-aminopentanoic acid 


L-arginine 


L-aspartic acid 


18 


D-2-aminopentanoic acid 


D-arginine 


D-aspartic acid 


19 


L-2-aminopentanoic acid 


L-arginine 


L-glutamic acid 


20 


D-2-aminopentanoic acid 


D-arginine 


D-glutamic acid 


21 


L-2-aminohexanoic acid 


L-arginine 


L-aspartic acid 


22 


D-2-aminohexanolc acid 


D-arginine 


D-aspartic acid 


23 


L-2-aminoliexanoic acid 


L-arginine 


L-glutamic acid 


24 


D-2-aminohexanoic acid 


D-arginine 


D-glutamic acid 


25 


L-2-aminoheptanoic acid 


L-arglnine 


L-aspartic acid 


26 


D-2-aminoheptanolc acid 


D-arginine 


D-aspartic acid 


27 


L-2-aminolieptanoic acid 


L-arginine 


L-glutamic acid 


28 


D-2-aminoheptanoic acid 


D-arginine 


D-giutamic acid 
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29 


L-2-amino-2-ethylbutanoic acfd 


L-arglnine 


L-aspartic acid 


30 


D-2-amino-2-ethylbutanoic acid 


D-arginine 


D-aspartic acid 


31 


L-2-amino-2-ethylbutanoic acid 


L-arginlne 


L-glutamic acid 


32 


D-2-amino-2-ethylbutanoic acid 


D-arginine 


D-glutamic acid 


33 


L-isoleucine 


L-arglnine 


2-amlnopropanedioic acid 


34 


D-isoleucine 


D-arginlne 


n 


35 


L-leucine 


D-arginine 


a 


36 


D-leucine 


D-arginine 


n 


37 


L-isoleucine 


L-arginine 


L-2-aminohexanedioic acid 


38 


D-isoleucine 


D-arginine 


D-2-aminohexanedioic acid 


39 


L-leucine 


L-arginine 


L-2-aminohexanedioic acid 


40 


D-leucine 


D-arginine 


D-2-aminohexanedioic acid 


41 


L-isoleucine 


L-arginine 


L-2-amlnoheptanedioic acid 


42 


D-isoieucine 


D-arginine 


D-2-aminoheptanedioic acid 


43 


L-leucine 


L-arginine 


L-2-aminoheptanedioic acid 


44 


D-leuclne 


D-arginine 


D-2-aminoheptanedioic acid 


45 


L-2-aminopentanoic acid 


L-homoarginine 


L-aspartic acid 


46 


D-2-aminopentanoic acid 


D-liomoarginine 


D-aspartic acid 


47 


L-2-aminopentanoic acid 


L-homoarginine 


L-glutamic acid 


48 


D-2-aminopentanoic acid 


D-homoarginine 


D-glutamic acid 


49 


L-2-annlnohexanoic acid 


L-homoarginine 


L-aspartic acid 


50 


D-2-aminohexanoic acid 


D-homoarginine 


D-aspartic acid 


51 


L-2-aminoliexanolc acid 


L-homoarginine 


L-glutamic acid 


52 


D-2-aminofiexanoic acid 


D-homoarginine 


D-glutamic acid 


53 


L-2-anninoheptanoic acid 


L-homoarginine 


L-aspartic acid 


54 


D-2-anninoheptanoic acid 


D-homoarginine 


D-aspartic acid 


65 


L-2-aminoheptanoic acid 


L-homoarginine 


L-glutamic acid 


56 


D-2-anninoheptanoic acid 


D-homoarginine 


D-glutamic acid 


57 


L-2-amino-2-ethylbutanoic acid 


L-homoarginine 


L-aspartic acid 


58 


D-2-annino-2-ethylbutanoic acid 


D-homoarginine 


D-aspartic acid 


59 


L-2-amino-2-ethylbutanoic acid 


L-homoarginine 


L-glutamic acid 


60 


D-2-annino-2-ethylbiitanoic acid 


D-homoarginine 


D-glutamic acid 


61 


L-isoleucine 


L-homoarginine 


2-aminopropanedioic acid 


62 


D-isoleucine 


D-homoarginine 


tt 


63 


L-leucine 


D-homoarginine 


u 


64 


D-leucine 


D-homoarginine 
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65 


L-isoleucine 


L-homoarginine 


L-2-aminohexanedioic acid 


66 


D-isoleucine 


D-homoarginine 


D-2-aminohexanedioic acid 


67 


L-leucine 


L-homoarginine 


L-2-amlnohexanedioic acid 


68 


D-leucine 


D-homoarginine 


D-2-aminohexanedioic acid 


69 


L-lsoleucine 


L-homoarginine 


L-2-aminoheptanedioic acid 


70 


D-isoieucine 


D-homoarginine 


D-2-aminoheptanedioic acid 


71 


L-leucine 


L-homoarginine 


L-2-aminoheptanedioic acid 


72 


D-leucine 


D-homoarginine 


D-2-aminoheptanedioic acid 



Thus, typical and preferred characteristics of Aa include lipofilicity, 
hydrophoblcity and aliphatic character in at least one side chain, wheras Bb in- 
cludes a delocalized positive change and Cc has the ability of participating in 
OH-binding. 

The residues comprising the tumor targeting motif according to the 
present invention may be inversed or reorder. Thus any of the following 
combinations, Aa-Bb-Cc, Aa-Cc-Bb, Bb-Aa-Cc, Bb-Cc-Aa, Cc-Aa-Bb and Cc- 
Bb-Aa may form a targeting unit according to the present invention. Especially 
preferred motifs are Aa-Bb-Cc and Cc-Bb-Aa. 

Especially preferred motifs Dd-Ee-Ff according to the present inven- 
tion are isoleucine-arginine-glutamic acid (IRE), leucine-arginlne-glutamic acid 
(LRE), leucine-arginine-aspartic acid (LRD) and glutamic acid-arglnine-leucine 
(ERI). Most preferred motifs are IRE and ERI. 

The motifs Dd-Ee-Ff according to the present Invention may form 
part of a larger structure, such as a peptide or some other structure. When the 
compound or structure in question comprises more than one motif Dd-Ee-Ff, 
the orientation and direction of the motifs may vary. 

TARGETING UNITS ACCORDING TO THE PRESENT INVENTION 

It has also been found that peptides and structural or functional ana- 
logues thereof comprising a tumor targeting motif according to the present in- 
vention target to and exhibit selective binding to tumor cells and tissues. Pep- 
tides comprising a tumor targeting motif according to the present invention 
and, optionally, up to eight additional amino acid residues or analogues 
thereof, likewise exhibit such targeting and selective binding and are especially 
preferred embodiments of the present invention. 

Such peptides are highly advantageous for use as targeting units 
according to the present invention, e.g., because of their small size and their 
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easy, reliable and cheap synthesis. Due to the small size of the peptides ac- 
cording to the present invention, the purification, analysis and quality control is 
easy and commercially useful. 

Preferred tumor targeting units according to the present invention 
comprise a tumor targeting motif Dd-Ee-Ff as defined above and, optionally, 
additional residues selected from the group consisting of: 
natural amino acids; 
unnatural amino acids; 

amino acid analogues comprising maximally 30 non-hydrogen atoms and an 
unlimited number of hydrogen atoms,; and 

other structural units and residues whose molecular weight and/or formula 

weight is maximally 270; 

wherein 

the number of said additional residues ranges from 0 to 8, preferably from 0 to 
7, preferably from 0 to 6, preferably from 0 to 5, preferably from 0 to 4, pref- 
erably from 0 to 3, preferably from 0 to 2. 

Cyclic peptides are usually more stable in vivo and in many other 
biological systems than are their non-cyclic counterparts, as is known in the 
art. It has now, however, surprisingly been found that the targeting properties 
also are more pronounced when the targeting unit is cyclic or contained in a 
cyclic structure. 

Preferred targeting units according to the present invention may 
comprise a sequence 

Cy-Rrn-Dd-Ee-Ff- Rrm-Cyy 

wherein Dd-Ee-Ff is a tumor targeting motif Aa-Bb-Cc or Cc-Bb-Aa; 
Rr is an amino acid residue or a structural or functional analogue thereof; 
n and m are 0 to 8, and the sum of n and m does not exceed eight; 
and 

Cy and Cyy are optional entities capable of forming a cyclic structure. 

Preferred targeting units are such, where Rr is any amino acid resi- 
due, except histidine, lysine or tryptophane. Especially preferred are targeting 
units wherein Rr is R or G. 

Preferred stmctures are such where Cy and Cyy are amino acids or 
analogues thereof containing a thiol group, such as homocysteine or cysteine 
or analogues thereof, or another structure with a molecular weight of no more 
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than 270, comprising a thiol group or an oxidized thiol group. One preferred 
cyclic structure type is characterized by the presence of a disulphide bond 
(e.g., between cysteine moieties). Non-limiting examples of cyclic structures 
are, for example, compounds of the formula: 

Cy-Rrn-Dd-Ee-Ff- Rrm-Cyy 
I s-s I 

where Cy-S-S-Cyy indicates a cystine. Because of the easy availability and low 
price of cysteine, this type of structure is a preferred one. 

The -S-S- bridge need not, however, be between cysteine units but 
may also exist between other amino acids or other moieties containing -SH 
groups. Such structures may comprise more one than Dd-Ee-Ff motif between 
the cysteine units, and may comprise additional amino acids and structural or 
functional analogues thereof outside the cyclic structure. 

Highly preferred targeting units according to the present invention 
having a cyclic structure by virtue of a disulphide bridge, are CIREC (SEQ ID 
NO. 1) and CERIC (SEQ ID NO. 2). 

Other preferred possibilities of fonning the cyclic structure is the 
fomfiation of a peptide bond to give a lactam or lactone or hydrazone-type or 
other cyclic structure. 

Preferred structures are thus compound of the general fonmula 

Cy-Rrn-Dd-Ee-Ff- Rrm-Cyy 

as defined above, and wherein Cy and Cyy are residues capable of fomriing a 
lactam bond, such as aspartic acid (D), glutamic acid (E), lysin (K), ornithine 
(O) or analogues thereof comprising no more than 12 carbon atoms. 

Lactams can be of several subtypes, such as "head to tail" (cartDoxy 
tenninus plus amino terminus), "head to side chain" and "side chain to head" 
(carit}oxy or amino tenninus plus one side chain amino or carboxyl group) and 
"side chain to side chain" (amino group of one side chain and carboxys group 
of another side chain). 

Especially prefen-ed targeting units according to the present 
invention having a cyclic structure by virtue of a lactam bridge, are DIREK 
(SEQ ID NO. 3) and DERIK (SEQ ID NO. 4). 
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In some embodiments according to the present invention the tumor 
targeting units are preferably linear. Where linear targeting units are used, the 
cycllzation may, if desired, outside the targeting unit structure, e.g., by the aid 
of optional units described below. 

Especially preferred linear targeting units according to the present 
invention having a linear structure are, IQLRD (SEQ ID NO. 5), IQLRDWGFIL 
(SEQ ID NO. 6), LRELS (SEQ ID NO. 7) and LRELSMGYFK (SEQ ID NO. 8). 

TARGETING AGENTS ACCORDING TO THE PRESENT INVENTION 

It has also been found that targeting agents comprising at least one 
tumor targeting unit according to the present Invention, and at least one effec- 
tor unit, target to and exhibit selective binding to cancer cells and tissues as 
well as endothelial cells. 

The tumor targeting agents according to the present invention may 
optionally comprise unit(s) such as linkers, solubility modifiers, stabilizers, 
charge modifiers, spacers, lysis or reaction or reactivity modifiers, internalizing 
units or intemallzation enhancers or membrane Interaction units or other 12 lo- 
cal route, attachment, binding and distribution affecting units. Such additional 
units of the tumor targeting agents according to the present invention may be 
coupled to each other by any means suitable for that purpose. 

Many possibilities are known to those skilled in the art for linking 
stnjctures, molecules, groups etc. of the types in question or of related types, 
to each other. The various units may be linked either directly or with the aid of 
one or more Identical, similar and/or different linker units. The tumor targeting 
agents of the invention may have different structures such as any of the non- 
limiting types schematically shown below: 
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1. EU - TU 

2. (EU)n - (TU)m 

3. (EU)n - (TU)m - (EU)k 

4. TU 

\ 

EU 

/ 

TU 

5. EU 

\ 

TU 

/ 

EU 

where EU indicates "effector unif and TU indicates 'targeting unif and n, m 
and k are independently any integers except 0. 

In the targeting agents according to the present invention, as in 
many other medicinal and other substances, it may be wise to include spacers 
or linkers, such as amino acids and their analogues, such as long-chain 
omega-amino acids, to prevent the targeting units from being 'disturbed', steri- 
caliy, electronically or otherwise hindered or 'hidden' by effector units or other 
unit of the targeting agent. 

In targeting agents according to the present invention it may be use- 
ful for increased activity to use dendrimeric or cyclic structures to provide a 
possiblility to incorporate multiple effector units or additional units per targeting 
unit. 

Preferred targeting agents according to the present invention com- 
prise a structure 

Ef-TU-Eff, wherein 

TU is a targeting unit according to the present invention as defined abover; 
and 

Ef and Eff are selected from the group consisting of: 

effector units, linker units, solubility modifier units, stabilizer units, charge modi- 
fier units, spacer units, lysis and/or reaction and/or reactivity modifier units, in- 
temalizing and/or internalization enhancer and/or membrane interaction units 
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and/or other local route and/or local attachment/local binding and/or distribu- 
tion affecting units, adsorption enhancer units, and other related units; and 
peptide sequences and other structures comprising at least one such unit; and 
peptide sequences comprising no more than 20, preferably no more than 12, 
more preferably no more than 6, natural and/or unnatural amino acids; and 
natural and unnatural amino acids comprising no more than 25 non-hydrogen 
atoms and an unlimited number of hydrogen atoms; 
as well as salts, esters, derivatives and analogues thereof. 

EFFECTOR UNITS 

For the purposes of this invention, the term "effector unir means a 
molecule or radical or other chemical entity as well as large particles such as 
colloidal particles and their like; liposomes or microgranules. Suitable effector 
units may also consitute nanodevices or nanochips or their like; or a combina- 
tion of any of these, and optionally chemical structures for the attachment of 
the constituents of the effector unit to each or to parts of the targeting agents. 
Effector units may also contain moieties that effect stabilization or solubility 
enhancement of the effector unit. 

Preferred effects provided by the effector units according to the pre- 
sent invention are therapeutical (biological, chemical or physical) effects on the 
targeted tumor; properties that enable the detection or imaging of tumors or 
tumor cells for diagnostic purposes; or binding abilities that relate to the use of 
the targeting agents in different applications. 

A preferred (biological) activity of the effector units according to the 
present Invention is a therapeutic effect. Examples of such therapeutic activi- 
ties are for example, cytotoxicity, cytostatic effect, ability to cause differentia- 
tion of cells or to increase their degree of differentiation or to cause phenotypic 
changes or metabolic changes, chemotactic activities, immunomodulating ac- 
tivities, pain relieving activities, radioactivity, ability to affect the cell cycle, abil- 
ity to cause apoptosis, hormonal activities, enzymatic activities, ability to trans- 
feet cells, gene transferring activities, ability to mediate "knock-out" of one or 
more genes, ability to cause gene replacements or "knock-in", antlangiogenic 
activities, ability to collect heat or other energy from external radiation or elec- 
tric or magnetic fields, ability to affect transcription, translation or replication of 
the cell's genetic infomnation or extemai related information; and to affect post- 
transcriptional and/or post-translational events. 
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Other preferred therapeutic approaches enabled by the effector 
units according to the present invention may be based on the use of thermal 
(slow) neutrons (to make suitable nuclei radioactive by neutron capture), or the 
administration of an enzyme capable of hydrolyzing for example an ester bond 
or other bonds or the administration of a targeted enzyme according to the 
present invention. 

Examples of preferred functions of the effector units according to 
the present invention suitable for detection are radioactivity, paramagnetism, 
ferromagnetism, ferrimagnetism, or any type of magnetism, or ability to be de- 
tected by NMR spectroscopy, or ability to be detected by EPR (ESR) spectros- 
copy, or suitability for PET and/or SPECT imaging, or the presence of an im- 
munogenic structure, or the presence of an antibody or antibody fragment or 
antibody-type structure, or the presence of a gold particle, or the presence of 
biotin or avidin or other protein, and/or luminescent and/or fluorescent and/or 
phosphorescent activity or the ability to enhance detection of tumors, tumor 
cells, endothelial cells and metastases in electron microscopy, light microscopy 
(UV and/or visible light), infrared microscopy, atomic force microscopy or tun- 
neling microscopy, and so on. 

Preferred binding abilities of an effector unit according to the pre- 
sent invention include, for example: 

a) ability to bind to a substance or structure such as a histidine or other 
tag, 

b) ability to bind to biotin or analogues thereof, 

c) ability to bind to avidin or analogues thereof, 

d) ability to bind to an enzyme or a modified enzyme, 

e) ability to bind metal ion(s) e.g. by chelation, 

f) ability to bind a cytotoxic, apoptotic or metobolism affectin substance or 
a substance capable of being converted in situ into such a substance, 

g) ability to bind to integrins and other substances involved in cell 
adhesion, migration, or intracellular signaling, 

h) ability to bind to phages, 

i) ability to bind to lymphocytes or other blood cells, 

j) ability to bind to any preselected material by virtue of the presence of 

antibodies or stmctures selected by biopanning, 
k) ability to bind to material used for signal production or amplification, 
I) ability to bind to therapeutic substance. 
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Such binding may be the result of e.g. chelation, formation of cova- 
lent bonds, antibody-antlgen-type affinity, ion pair or ion associate fonmatlon, 
specific interactions of the avidin-blotin-type, or the result of any type or mode 
of binding or affinity. 

One or more of the effector units or parts of them may also be a part 
of the targeting units themselves. Thus, the effector unit may for example be 
one or more atoms or nuclei of the targeting unit, such as radioactive atoms or 
atoms that can be made radioactive, or paramagnetic atoms or atoms that are 
easily detected by MRI or NMR spectroscopy (such as carbon-13). Further ex- 
amples are, for example, boron-comprising structures such as carborane-type 
lipophilic side chains. 

The effector units may be linked to the targeting units by any type of 
bond or structure or any combinations of them that are strong enough so that 
most, or preferably all or essentially all of the effector units of the targeting 
agents remain linked to the targeting units during the essential (necessary) 
targeting process, e.g. in a human or animal subject or In a biological sample 
under study or treatment. 

The effector units or parts of them may remain linked to the target- 
ing units, or they may be partly or completely hydrolyzed or othenwise disinte- 
grated from the latter, either by a spontaneous chemical reaction or equilibrium 
or by a spontaneous enzymatic process or other biological process, or as a re- 
sult of an intentional operation or procedure such as the administration of hy- 
drolytlc enzymes or other chemical substances. It is also possible that the en- 
zymatic process or other reaction Is caused or enhanced by the administration 
of a targeted substance such as an enzyme in accordance with the present in- 
vention. 

One possibility is that the effector units or parts thereof are hydro- 
lyzed from the targeting agent and/or hydrolyzed into smaller units by the ef- 
fect of one or more of the various hydrolytic enzymes present in tumors (e.g., 
Intracellularty, in the cell membrane or in the extracellular matrix) or in their 
near vicinity. 

Taking into account that the targeting according to the present In- 
vention may be very rapid, even non-specific hydrolysis that occurs every- 
where in the body may be acceptable and usable for hydrolysing one or more 
effector unit(s) intentionally, since such hydrolysis may in suitable cases (e.g.. 
steric hindrance, or even without any such hindering effects) be so slow that 
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the targeting agents are safely targeted in spite of the presence of hydrolytic 
enzymes of the body, as those skilled In the art very well understand. The for- 
mation of insoluble products and/or products rapidly absorbed into cells and/or 
bound to their surfaces after hydrolysis may also be beneficial for the targeted 
effector units and/or their fragments etc. to remain in the tumors or their closest 
vicinity. 

In one preferred embodiment of the invention, the effector units may 
comprise structures, features, fragments, molecules or the like that make pos- 
sible, cause directly or indirectly, an "amplification" of the therapeutic or other 
effect, of signal detection, of the binding of preselected substances, including 
biological material, molecules, ions, microbes or cells. 

Such "amplification" may, for example, be based on one or more of 
the following non-limiting types: 

- the binding, by the effector units, of other materials that can further bind 
other substances (for example, antibodies, fluorescent antibodies, other "la- 
belled" substances, substances such as avidin, preferably so that several 
molecules or "units" of the further materials can be bound per each effector 
unit; 

- the effector units comprise more than one entity capable of binding e.g. a 
protein, thus making direct amplification posslble; 

- amplification in more than one steps. 

Preferred effector units according to the present invention may be 
selected from the follwing group: 
_ cytostatic or cytotoxic agents 
_ apoptosis causing or enhancing agents 
_ enzymes or enzyme Inhibitors 
_ antimetabolites 

_ agents capable of disturbing membrane functions 
_ radioactive or paramagnetic substances 

- substances comprising one or more metal Ions 

- substances comprising boron, gadolinium, litium 

- substances suitable for neutron capture therapy 

- labelled substances 

- intercalators and substances comprising them 

- OMdants or reducing agents 

- nucleotides and their analogues 
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- metal chelates or chelating agents. 

In a highly preferred embodiment of the invention, the effector unit 
comprises alpha emitters. 

In further preferred embodiments of the invention, the effector units 
may comprise copper chelates such as fran5-bis(saiicylaldoximaro) copper(ll) 
and its analogues, or platinum compounds such cisplatin, carboplatin. 

Different types of structures, substances and groups ar known that 
can be used to cause or enhance e.g., internalization into cells, including for 
example RQIKIWFQNRRMKWKK; Penetratln (Prochiantz, 1996), as well as 
stearyl derivatives (Promega Notes Magazine, 2000). 

As an apoptosis-inducing structure, for example, the peptide se- 
quence KLAKLAK that interacts with mitochondrial membranes inside cells, 
can be included Ellerfoy et al., 1999. 

For use in embodiments of the present invention that include cell 
sorting and any related applications, the targeting units and agents of the in- 
vention can, for example, be used 

a) coupled or connected to magnetic particles. 

b) adsorbed, coupled, linked or connected to plastic, glass or other solid, po- 
rous, fibrous material-type or other surface(s) and the like, 

c) adsorbed, covalently bonded or otherwise linked, coupled or connected into 
or onto one or more substance(s) or material(s) that can be used In columns 
and related systems 

d) adsorbed, covalently bonded or otherwise linked, coupled or connected into 
or onto one or more substance(s) or material(s) that can be precipitated, centri- 
fuged or otherwise separated or removed. 

OPTIONAL UNITS OF THE TARGETING AGENTS ACCORDING TO THE 
PRESENT INVENTION 

The targeting agents and targeting units of the present invention 
may optionally comprise further units, such as: 

linker units coupling targeting units, effector units or other optional units of the 
present invention to each other; 

solubility modifying units for modifying the solubility of the targeting agents or 
their hydrolysis product; 

stabilizer units stabilizing the structure of the targeting units or agents during 
synthesis, modification, processing, storage or use in vivo or in vitro; 
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charge modifying units modifying ttie electrical cliarges of tlie targeting units or 
agents or their starting materials; 

spacer units for increasing the distance between specific units of the targeting 
agents or their starting materials, to release or decrease steric hindrance or 
structural strain of the products; 
reactivity modifyer units; 

internalizing units or enhancer units for enhancing targeting and uptage of the 
targeting agents; 

adsorption enhancer units, such as fat or water soluble structures enhancing 
absorption of the targeting agents in vivo; or 
other related units. 

A large number of suitable linker units are known in the art. Exam- 
ples of suitable linkers are: 

1. for linking units comprising amino groups: cyclic anhydrides, dicarboxylic or 
multivalent, optinally activated or derivatized, carboxylic acids, compounds 
with two or more reactive halogens or compounds with at least one reactive 
halogen atom and at least one carboxyl group; 

2. for linking units comprising carboxyl groups or derivatives thereof: com- 
pounds with at least two similar or different groups such as amino, substi- 
tuted amino, hydroxyl, -NHNH2 or substituted fonms thereof, other known 
groups for the purpose (activators may be used); 

3. for linking an amino group and a carboxyl group: for example amino acids 
and their activated or protected fomns or derivatives; 

4. for linking a fomiyl group or a keto group to another group are: a compound 
comprising e.g. at least one -N-NH2 or -O-NHa.or =N-NH2 or their like; 

5. for linking several amino-comprising units: polycarboxylic substances such 
as EDTA, DTPA and polycarboxylic acids, anhydrides, esters and acyl hal- 
ides; 

6. for linking a substance comprising an amino group to a substance compris- 
ing either a formyl group or a carboxyl group: hydrazinocarboxylic acids or 
their like, preferably so that the hydrazine moiety or the carboxyl group is 
protected or activated, such as 4-(FMOC-hydrazino)benzoic acid; 

7. for linking an organic structure to a metal ion: substences that can be cou- 
pled to the organic structure (e.g. by virtue of their COOH groups or their 
NH2 groups) or that are integral parts of it, and that in addition comprise a 
polycarboxylic part for example an EDTA- or DTPA-IIke staicture, peptides 
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comprising several histidines or their like, peptides comprising several cys- 
teines or other moieties comprising an -SH group each, and other chelat- 
ing agents that comprise functional groups that can be used to link them to 
the organic structure. 

A large variety of the above substances and other types of suitable 

linking agents are known in the art. 

A large number of suitable solubility modifier units are known In the 

art. Suitable solubility modifier units comprise, for example: 

-for increasing aqeous solubility: molecules comprising O-SO3 , COOH, 

COO", NH2, NH3*, OH groups, guanidino or amidino groups or other ionic and 

ionizable groups and sugar-type structures; 

- for increasing fat solubility or solubility in organic solvents: units comprising 
(long) aliphatic branched or non-branched alkyi and alkenyl groups, cyclic non- 
aromatic groups such as the cyclohexyi group, aromatic rings and steroidal 
structures. 

A large number of units known in the art can be used as stabilizer 
units, e.g. bulky structures (such as ferf-butyl groups, naphthyl and adamantyl 
and related radicals etc.) for increasing steric hindrance, and D-amino acids 
and other unnatural amino acids (including p-amino acids, co-amino acids, 
amino acids with very large side chains etc.) for preventing or hindering enzy- 
matic hydrolysis. 

Units comprising positive, negative or both types of charges can be 
used as charge modifier units, as can also structures that are converted or can 
be converted into units with positive, negative or both types of charges. 

Spacer units may be very Important, and the need to use such units 
depends on the other components of the structure (e.g. the type of biologically 
active agents used, and their mechanisms of action) and the synthetic proce- 
dures used 

Suitable spacer units may include for example long aliphatic chains 
or sugar-type structures (to avoid too high lipophilicity), or large rings. Suitable 
compounds are available in the art. One preferred group of spacer units are co- 
amino acids with long chains. Such compounds can also be used (simultane- 
ously) as linker units between an amino-comprising unit and a carboxyl- 
comprising unit. Many such compounds are commercially available, both as 
such and in the forms of various protected derivatives. 
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Units that are susceptible to hydrolysis (either spontaneous chemi- 
cal hydrolysis or enzymatic hydrolysis by the body's own enzymes or enzymes 
administered to the patient) may be very advantageous in cases where it is 
desired that the effector units are liberated from the targeting agents e.g. for 
internalization, intra- or extracellularl DNA or receptor binding. Suitable units 
for this purpose include, for example, structures comprising one or more ester 
or acetal functionality, Various proteases may be used for the purposes men- 
tioned. Many groups used for making pro-drugs may be suitable for the pur- 
pose of increasing or causing hydrolysis, lytic reactions or other decomposition 
processes. 

The effector units, the targeting units and the optional units accord- 
ing to the present invention may simultaneously serve more than one function. 
Thus, for example, a targeting unit may simultaneously be an effector unit or 
comprise several effector units; a spacer unit may simultaneously be a linker 
unit or a charge modifier unit or both; a stabilizer unit may be an effector unit 
with properties different from those of another effector unit, and so on.An effec- 
tor unit may, for example, have several similar or even completely different 
functions. 

In one preferred embodiment of the invention, the tumor targeting 
agents comprise more than one different effector units. In that case, the effec- 
tor units may be, for example, diagnostic and therapeutic units. Thus, for ex- 
ample, it is preferred to use, for boron neutron capture therapy, such agents 
whose effector units, in addition to comprising boron atoms, also can be de- 
tected or quantified in the patient in vivo after administration of the agent, in 
order to be able to ascertain that the agent has accumulated adequately in the 
tumor to be treated, or to optimize the timing of the neutron treatment, and so 
on. This goal may be achieved e.g. by using such a targeting agents according 
to the invention that comprise an effector unit comprising boron atoms (pref- 
erably isotope-enriched boron) and groups detectable e.g. by NMRI. Likewise, 
the presence of more than one type of therapeutically useful effector units may 
also be preferred. In addition, the targeting units and targeting agents may, if 
desired, be used in combination with one or more "classical" or other tumor 
therapeutic modalities such as surgery, chemotherapy, other targeting modali- 
ties, radiotherapy, immunotherapy etc. 
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PREPARATION OF TARGETING UNITS AND AGENTS ACCORDING TO 
THE PRESENT INVENTION 

The targeting units according to the present invention are preferably 
synthetic peptides. Peptides can be synthesized by a large variety of well- 
known techniques, such as solid-phase methods (FMOC-, BOC-, and other 
protection schemes, various resin types), solution methods (FMOC, BOC and 
other variants) and combinations of these. Even automated appara- 
tuses/devices for the purpose are available commercially, as are also routine 
synthesis and purification sen/ices. All of these approaches are very well 
known to those skilled in the art. Some methods and materials are described, 
for example, in the following references: 

Bachem AG, SASRIN™ (1999), The BACHEM Practise of SPPS 
(2000), Bachem 2001 catalogue (2001), Novabiochem 2000 Catalog (2000), 
Peptide and Peptidomimetic Synthesis (2000) and The Combinatorial Chemis- 
try Catalog & Solid Phase Organic Chemistry (SPOC ) Handbook 98/99. Pep- 
tide synthesis is exemplified also in the Examples. 

As known in the art. It is often advisable, important and/or 
necessary to use one or more protecting groups, a large variety of which are 
known in the art, such as FMOC, BOC, and trityl groups and other protecting 
groups mentioned in the Examples. Protecting groups are often used for 
protecting amino, carboxyl, hydroxyl, guanyl and -SH groups, and for any 
reactive groups/functions. 

As those skilled in the art well know, activation often involves 
carboxyl function activation and/or activation of amino groups. 

Protection may also be orthogonal and/or semi/quasi/pseudo- 
orthogonal. Protecting and activating groups, substances and their uses are 
exemplified in the Examples and are described in the references cited herein, 
and are also described in a large number of books and other sources of 
information commonly known in the art (e.g. Protective Groups in Organic 
Synthesis, 1999). 

Resins for solid-phase synthesis are also well known in the art, and 
are described in the Examples and in the above-cited references. 

Cyclic structures according to the present invention may be synthe- 
sized, for example, by methods based on the use of orthogonally protected 
amino acids. Thus, for example, one amino acid containing an orthogonally 
protected "extra" COOH function (e.g the (-allyl ester of 
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N-(-FMOC-L-glutamic-acicl, i.e., TMOC-Glu-Oall"), or the (-tert-butyl ester of 
N-(-FMOC-L-glutamic acid ("FI\/IOC-Glu-OtBu), or tlie 
(-4{N-[1-(4,4-dimethyl-2,6-dioxocyclohexylidene)-3-metliylbutyl]-amino}benzyl 
ester of N-(-FI\/IOC-L-glutamic acid ("FI\/10C-Glu-0dmab") or the 
(-2-phenylisopropyl ester of N-(-FMOC-L-gIutamic acid 
("FM0C-Glu(0-2-PhiPr)-0H"), or related derivatives of other dicarboxylic 
amino acids, such as aspartic acid; or resin-bound forms of any of the afore- 
mentioned), and one amino acid with an orthogonally protected "extra" amino 
group (e.g N-(-FMOC-N-(-4-methyltrityl-L-lysine ("FI\/IOC-Lys(l\/ltt)-OH") or the 
corresponding derivative of omithlne or some other diaminocarboxylic acid or a 
resin-bound fomn of one of these; resin-bound forms, however, not simultane- 
ously with resin-bound fomns of the orthogonally protected amino acids with 
"extra" COOH), may be incorporated in the structure and, after deprotection, 
the carboxyl and amino groups may be reacted, usually using actlvator(s). This 
type of methodology is well known and is described, for example, in the follow- 
ing references Novabiochem Catalog (2000), pp. 19-21 and 33 and specifically 
B9-B15, and in the references therein, Bachem 2001 catalogue (2001), pp. 
31-32, Chan et al. (1995), Yue et al. (1993) and Hirschmann et al. (1998). 

Suitable starting materials are available commercially, and further 
ones can be made by methods known in the art. D-amino acid derivatives can 
also be used in this methodology. Instead of "truly" orthogonal protective 
groups, also quasiorthogonal/semi-orthogonal/pseudoorthogonal protecting 
groups can be employed, as those skilled in the art understand. 

Cyclic products made according to the above described methods 
are usually especially stable in biological milieu, and are thus preferred. This 
type of structures may be produced by any of the methods for the production 
of such structures (chemical, enzymatic or biological). Many such methods are 
well known for those skilled in the art. Cyclic structures of this type can be syn- 
tesized chemically with the aid of solid-phase synthesis but they can likewise 
be synthesized using solution methods or a combination of both, as those skil- 
led in the art well know. Amino acids with an "extra" carboxyl or amino function 
suitable for cyclization purposes (when adequately protected) include (as non- 
limiting possibilities), for example, those with the structures shown below: 
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COOH 
(jJH — NH2 
(CH2)n 

COOH 

In solution cyclizations of any type, dilute solutions are normally ad- 
vantageous, as is well known by those skilled in the art. 

The targeting units and agents according to the present invention 
may also be prepared as fusion proteins or by other suitable recombinant DNA 
methods known In the art. Such an approach for preparing the peptides ac- 
cording to the present invention is preferred especially when the effector units 
and/or other optional units are peptides or proteins. One example of a useful 
protein effector unit Is glutathion-S-transferase (GST). 

ADVANTAGES OF THE TARGETING UNITS AND TARGETING AGENTS OF 
THE INVENTION 

There are acknowledged problems related to peptides intended for 
diagnostic or therapeutic use. One of these problems stem from the length of 
the sequence: the longer it grows, the more difficult or even impossible the 
synthesis of the desired product becomes, especially if there are other 
synthetic problems such as the presence of difficult residues that require 
protection-deprotection and/or cause side reactions etc. The tendency to side- 
reactions, and possible synthesis termination (that not only decreases the yield 
of the desired product If this Is fomned at all, but also gives rise to products with 
a wrong length of the peptide chain) and formation of serious amounts of 
harmful by-products is drastically Increased by the presence in the desired 
sequence of any amino acid(s) that requlre(s) side-chain protection (e.g., basic 
side-chains such as those of lysine, histidine and tryptophan) and (of course) 
also deprotectlon. All of these problems also make, as those skilled in the art 
very well know, the purification of the desired peptides very much more difficult 
and may make production of adequately purified material impossible. 

As compared to known products that contain long and difficult-to- 
make sequences with problematic amino acid residues, the peptides of the 
present invention are clearly superior, as described in more detail below. 

Thus, the products and methods of the present invention and their 
use offer highly significant and very important advantages over the prior art. 



COOH 
CH — NH2 



OOH 






COOH 
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The targeting units of this invention can be synthesized easily and 
reliably. An advantage as compared to many prior art peptides is that the 
targeting units and motifs of this Invention do not need to comprise the 
problematic basic amino acids lysine and histldine, nor tryptophan, all of which 
may cause serious side-reactions in peptide synthesis, and, due to which the 
yield of the desired product might be lowered radically or even be Impossible 
to obtain in adequate amounts or with adequate quality. 

When present, histidine, lysine and tryptophan must be adequately 
protected using suitable protecting groups that remain intact during the 
synthesis prodecures. This may be very difficult and at least increases the 
costs and technical problems. Also costs are remart<ably increased by the 
reagents and wort<-load and other costs of the deprotection steps and the 
costs per unit of desired product may be increased. 

Because of their smaller size and thus drastically less steps in the 
synthesis, the peptides of the present Invention are much easier and cheaper 
to produce than targeting peptides of the prior art. 

As histidine is not needed in the products of the present invention, 
the risk of racemlzation of it Is of no concern. 

It is a great advantage riot only for the economic synthesis of the 
products of the present invention but also for the purification and analysis and 
quality control that any racemlzation of histidine Is outside consideration. It 
also makes any administration to humans and animals safer and more 
straightforward. 

Because of their smaller size, the peptides of the present invention 
can also be purified much more reliably and easily and with much less labor 
and apparatus-time, and thus with clearly lower costs. Overall costs are thus 
drastically reduced and better products can be obtained and in greater 
amounts. Furthermore, the reliability of the purification is much better, giving 
less concern of toxic remainders and of fatal or otheoA^ise serious side-effects 
in therapeutic and diagnostic applications. 

Shorter synthesis protocols with relatively few steps produce less 
impurities, making the peptides of the present invention highly advantageous. 
The risks of toxic and even fatal impurities, allergens etc. are dramatically 
lowered and, in addition, purification is easier. 

The analysis and thus the quality control of the products of the 
present invention is easier and less costly, than that of the longer and more 
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'difficult' peptide sequences. Tills in the reliability of the analyses and of quality 
control. 

As residues such as lysine are not present in the targeting unit, 
there is no the risk of the effector units being Inadequately connected to such 
residues. This is a remarkable advantage. 

The effector unit can easily be linked to the peptides and peptidyl 
analogues and peptidomimetic substances of the present invention using 
(outside the targeting motif) for example protected lysine or omithine as there 
is no risk of simultaneous reaction of any lysine residue in the targeting motif. 

For cyclization of the peptides of the present invention, protected 
lysine or omithine can be used, as the targeting units do not contain such 
amino acids. This is an enormous advantage. 

In solid synthesis of targeting agents according to the present 
invention, the effector units and optional additional units may be linked to the 
targeting peptide when still connected to the resin without the risk that the 
removal of the protecting groups will cause destruction of additional unit. 
Similar advantage applies to solution syntheses. 

Another important advantage of the present invention and its 
products, methods and uses according to it is constituted by the highly 
selective and potent targeting of the products. 

As compared to targeted therapy using antibodies or antibody frag- 
ments, the products and methods of in the present invention are highly advan- 
tageous because of several reasons. Potential immunological and related risks 
are also obvious in the case of large biomolecules. Allergic reactions are of 
great concern with such products, in contrats to small synthetic molecules such 
as the targeting agents, units and motifs of the present invention. 

As compared to targeting antibodies or antibody fragments, the 
products and methods described in the present invention are highly advanta- 
geous because their structure can be easily modified if needed or desired. 
Specific amino acids such as histidine, tryptophan, tyrosine, threonine can be 
omitted if dersired, and very few functional groups are necessary. On the other 
hand, it is possible, without disturbing the targeting effect, to include various 
different structural units, to specific desired properties that are of special value 
in specific applications. 
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USE OF TARGETING AGENTS ACCORDING TO THE PRESENT INVEN- 
TION 

The targeting units and targeting agents according to the present 
invention are useful in cancer diagnostics and therapy, as they selectively tar- 
get to tumors in vivo, as shown in the examples. The effector unit may be cho- 
sen according to the desired effect, detection or therapy. The desired effect 
may also be achieved by including the effector in the targeting unit as such. 
For use In radiotherapy the targeting unit itself may be e.g., radioactively la- 
belled. 

The present invention also relates to diagnostic compositions com- 
prising an effective amount of at least one targeting agent according to the pre- 
sent invention. In addition to the targeting agent, a diagnostic composition ac- 
cording to the present Invention may, optionally, comprise carriers, solvents, 
vehicles, suspending agents, labelling agents and other additives commonly 
used in diagnostic compositions. Such diagnostic compositions are useful In 
diagnosing tumors, tumor cells and metastasis. 

A diagnostic composition according to the present Invention may be 
formulated as a liquid, gel or solid formulation, preferably as an aqueous liquid, 
containing a targeting agent according to the present invention in a concentra- 
tion ranging from about 0.00001 ng/l to 25 x lO'' ng/l. The compositions may 
further comprise stabilizing agents, detergents, such as polysorbates and 
Tween, as well as other additives. The concentrations of these components 
may vary significantly depending on the fomiulation used. The diagnostic 
compositions may be used in vivo or in vitro. 

The present Invention also includes the use of the targeting agents 
and targeting units for the manufacture of pharmaceutical compositions for the 
treatment of cancer. 

The present invention also relates to phamiaceutical compositions 
comprising a therapeutically effective amount of at least one targeting agent 
according to the present invention. The pharmaceutical compositions may be 
used to treat, prevent or ameliorate cancerdiseases, by administering an 
therapeutically effective dose of the pharmaceutical composlsiton comprising 
targeting agents or targeting units according to the present invention or thera- 
peutically acceptable salts, esters or other derivatives thereof. The composi- 
tions may also Include different combinations of targeting agents and targeting 
units together with labelling agents. Imaging agents, drugs and other additives. 
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A therapeutically effective amount of a targeting agent according to 
the present invention may vary depending on the fomiulation of the pharma- 
ceuticakl composition. Preferably, a composition according to the present in- 
vention may comprise a targeting agent in a concentration varying from about 
0.00001 \xg/\ to 250 g/l, more preferably about 0,001 ^g/l to 50 g/l, most pref- 
erably 0,01 |xg/l to 20 g/l. 

A pharmaceutical composition according to the present invention is 
useful for administration of a targeting agent according to the present inven- 
tion. Pharmaceutical compositions suitable for peroral use, for intravenous or 
local injection, or infusion are particularly preferred. The pharmaceutical com- 
positions may be used in vivo or ex vivo. 

The preparations may be lyophilized and reconstituted before ad- 
ministration or may be stored for example as a solution, solutions, suspen- 
sions, suspension-solutions etc. ready for administration or in any fomri or 
shape in general, including powders, concentrates, frozen liquids, and any 
other types. They may also consist of separate entities to be mixed and, pos- 
sibly, othenA^ise handled and/or treated etc. before use. Liquid formulations 
provide the advantage that they can be administered without reconstitution. 
The pH of the solution product is in the range of about 1 to about 12, prefera- 
bly close to physiological pH. The osmolality of the solution can be adjusted to 
a preferred value using for example sodium chloride and/or sugars, polyols 
and/or amino acids and/or similar components. The compositions may further 
comprise pharmaceutically acceptable exclpients and/or stabilizers, such as 
albumin, sugars and various polyols, as well as any acceptable additives; or 
other active ingredients such as chemotherapeutic agents. 

The present invention also relates to methods for treating cancer, 
especially solid tumors by administering to a patient in need of such treatment 
a therapeutically efficient amount of a phamnaceutical composition according 
to the present invention. 

Therapeutic doses may be determined empirically by testing the 
targeting agents and targeting units in available in vitro or in vivo test systems. 
Examples of such tests are given in the examples. Suitable therpeutically ef- 
fective dosage may then be estimated from these experiments. 

For oral administration it is important that the targeting units and 
targeting agent are stable and adequately absorbed from the intestinal tract. 
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The pharmaceutical compositions according to the present invention 
may be administered systemically, non-systemically, locally or topically, par- 
enterally as well as non-parenterally, e.g. subcutaneously, intravenously, in- 
tramuscularly, perorally, intranasally, by pulmonary aerosol, by injection or in- 
fusion into a specific organ or region, bucx^ally, intracranicaliy or intraperito- 
neaily. 

Amounts and regimens for the administration of the tumor targeting 
agents according to the present Invention can be detemnined readily by those 
with ordinary skill in the clinical art of treating cancer. Generally, the dosage 
will vary depending upon considerations such as: type of targeting agent em- 
ployed; age; health; medical conditions being treated; kind of concurrent 
treatment, if any, frequency of treatment and the nature of the effect desired; 
gender; duration of the symptoms; and, counterindications, if any, and other 
variables to be adjusted by the individual physician. Preferred doses for ad- 
ministration to human patients targeting targeting units or agents according to 
the present invention may vary from about 0.000001 ^.g to about 40 mg per kg 
of body weight eis a bolus or repeatedly, e.g., as daily doses. 

The targeting units and targeting agents and pharmaceutical com- 
positions of the present invention may also be used as targeting devices for 
delivery of DNA or RNA or structural and functional analogues thereof, such as 
phosphorothioates, or peptide nucleic acids (PNA) into tumors and their metas- 
tases or to isolated cells and organs in vitro; i.e. as tools for gene therapy both 
in vivo and in vitro. In such cases the targeting agents or targeting units may 
be parts of viral capsids or envelopes, of liposomes or other "containers" of 
DNA/RNA or related substances, or may be directly coupled to the DNA/RNA 
or other molecules mentioned above. 

The present invention also includes kits and components for kits for 
diagnosing, detecting or analysing cancer or cancer cells in vivo and in vitro. 
Such kits comprise at least a targeting agent or targeting unit of this invention 
together with diagnostic entities enabling detection. The kit may comprise for 
example a targeting agent and/or a targeting unit coupled to a unit for detec- 
tion by e.g. immunological methods, radiation or enzymatic methods or other 
methods known in the art. 

Further, the targeting units and agents of this invention as well as 
the targeting motifs and sequences can be used as lead compounds to design 
peptidomimetics for any of the purposes described above. 
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Yet further, the targeting units and agents as well as the targeting 
motifs and sequences of the present Invention, as such and/or as coupled to 
other materials, can be used for the isolation, purification and identification of 
the cells, molecules and related biological targets. 

The following non-limiting examples illustrate the invention further. 

EXAIVIPLES 

For the following examples commercial reagent suppliers employed 

are: 

Applied Biosystems, Wamngton. WA1 4SR,United Kingdom 

Bachem AG, Hauptstrasse 144, CH-4416 Bubendorf, Switzeriand 

Calbiochem-Novabiochem,CH-4448 LSufelfingen, Switzerland 

Fluka Chemie GmbH, Buchs, Switzerland 

Merck KGaA,Dannstadt,Gennany 

PE Biosystems,Warrington,United Kingdom 

Perseptive Biosystems,Warrington, United Kingdom/Hamburg, Germany 

Sigma Aldrlch Chemie, Steinheim Gemnany (also Riedel-deHa§n) 

Tokyo Kasel Kogyo Co, Ltd., Tokyo, Japan 

Bio-Whittaker, Verviers, Belgium 

Harlan Laboratories, Horst, The Netherlands 

Genset SA, Paris, France 

AmershamPhamiacia Biotech, Uppsala, Sweden 

Qiagen, Hllden, Gennany 

Terumo, Leuven.Belgium 

Vector Laboratories, Burlingame, USA 

EXAMPLE 1 

SYNTHESIS OF TARGETING MOTIF/ TARGETING UNIT (PEPTIDE) IRE. 
THE USE OF A PEPTIDE SYNTHESIS RESIN WITH NO AMINO ACID RESI- 
DUE PRE-COUPLED TO IT, AND DERIVATIZATION OF SUCH A RESIN 
WITH A PROTECTED AMINO ACID DERIVATIVE (RESIDUE) 

The synthesis of the targeting motif/ targeting unit (peptide) IRE 
(isoleucyl-arginyl-glutamine) was perfomned by using the manual solid-phase 
peptide synthesis technique that is described in detail in Example 2 below. 

The coupling (binding) of the first amino acid unit (residue) to the 
hydroxyl groups of a peptide synthesis resin (HMP type; for details, see the 
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listing of materials given below) was earned out by means of the dichloroben- 
zoyl chloride method as applied to a derivative of L-glutamic acid whose amino 
function was protected by the 9-fluorenylmethyloxycarbonyl (= FMOC) group 
and whose "side-chain" carboxyl function (carisoxyl group), /. e. the cari3oxyl 
group that is further away from the amino functionality, was protected as its 
fe/t-butyi ester (= OtBu). The following protocol was used: 

The "empty" resin (resin with no amino acid residue; see below for 
producer and product number of the commercial resin) was first washed in the 
shaker described below (in Example 2) with /V,A^dimethylformamide (DMF; 15 
ml of DMF per 1 g of resin) for 20 min and was drained. After addition of five 
molecular equivalents (relative to the loading capacity of the resin) of the pro- 
tected L-glutamic acid in DMF, after which 8 equivalents of pyridine were 
added, followed by shaking for about 3 minutes, without draining. Then, five 
equivalents of 2,6-dichlorobenzoyl chloride were added, and the mixture was 
shaken for 18 h at ambient temperature. 

After the aforementioned treatment, the resin was drained and 
washed three times with DMF and dichloromethane as described in the gen- 
eral protocol in Example 2, followed by drying in an argon gas flow. The re- 
agents used this far in the Example were: 

HMP Resin, loading capacity: 1 .16 mmol/g (as reported by the producer of the 
commercial product), Applied Biosystems Cat. No. 400957 
Pyridine; Merck Art. No. 9728 

Fmoc-L-Glu(OtBu)-OH; CAS No. 71989-18-9; Applied Biosystems Cat. No. 
GEN91 1 036; Molecular Weight: 425.5 g/mol 

From this point on, the synthesis proceeded according to the gen- 
eral method decribed in Example 2. The reagents used in this synthesis, not 
mentioned above or in Example 2 below, were: 

Fmoc-L-Arg(Pbf)-OH; CAS No. 154445-77-9; Applied Biosystems Cat. No. 
GEN911097; Molecular Weight: 648.8 g/mol 

Fmoc-L-lle-OH; CAS No. 71989-23-6; Perseptive Biosystems Cat. No. 
GEN911045: Molecular Weight: 353.4 g/mol 

The product, IRE, after its isolation and purification according to the 
general methods described In Example 2, was identified employing MALDI- 
TOF mass spectral analysis as described In detail in the general protocol be- 
low in Example 2. 
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Identification of tlie product: 
positive mode MALDI-TOF mass spectrum: M+1 ion clearly predominant. 

MALDI-TOF data (IRE): 
calculated molecular mass = 416.24 
observed signals: 
417.14 M+H 
439.08 M+Na 

EXAMPLE 2 

GENERAL PROCEDURES FOR PEPTIDE SYNTHESIS: MANUAL SOLID 
PHASE SYNTHESES. MASS SPECTRAL MEASUREMENTS 

All synthetic procedures were carried out in a sealable glass funnel 
equipped with a sintered glass filter disc of porosity grade between 2 and 4, a 
polypropene or phenolic plastic screw cap on top (for sealing), and two PTFE 
key stopcocl<s: one beneath the filter disc (for draining) and one at sloping an- 
gle on the shoulder of the screw-capped neck (for argon gas inlet). 

The funnel was loaded with the appropriate solid phase synthesis 
resin and solutions for each treatment, shaken powerfully with the aid of a 
"wrist movement" bottle shaker (Gallenkamp) for an appropriate period of time, 
followed by filtration effected with a moderate argon gas pressure. 

The general procedure of one cycle of synthesis (= the addition of 
one amino acid unit) was as follows: 

The appropriate Wang resin (Applied Biosystems), loaded with ap- 
proximately 1 mmol of FMOC-peptide (= peptide whose amino-terminal amino 
group was protected with the 9-fIuorenylmethyloxycarbonyl group) consisting 
of two or more amino acid units, or with approximately 1 mmol of the appropri- 
ate FMOC-amino acid (/.a, amino acid carrying the aforementioned protecting 
group; approximately 2g of resin, 0.5 mmol/g) was treated in the way described 
below, each treatment step comprising shaking for 2.5 minutes with 30 ml of 
the solution or solvent indicated and filtration if not mentioned otherwise. 

'DCM' means shaking with dichloromethane, and 'DMF' means 
shaking with N,A^dimethylfonnamide (DMF may be replaced by NMP, i.e. 
A/-methylpyrrolidinone). 

The steps of the treatment were: 

1 . DCM, shaking for 1 0-20 min 

2. DMF 
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3. 20% (by volume) piperidine in DMF for 5 min 

4. 20% (by volume) piperidine in DMF for 1 0 min 

5. to 7. DMF 
8. to 10. DCM 

11. DMF 

12. DMF solution of 3 mmol of activated amino acid (preparation de- 
scribed below), shaking for 2 hours 

13. to 15. DMF 
16. to 18. DCM 

After the last treatment (18) argon gas was led through the resin for 
approximately 15 min and the resin was stored under argon (in the sealed re- 
action funnel if the synthesis was to continue with further units). 

Activation of the 9-fluorenylmethyloxycartDonyl-/V-protected amino 
acid (FMOC-amino acid) to be added to the amino acid or peptide chain on the 
resin was carried out, using the reagents listed below, in a separate vessel 
prior to treatment step no. 12. Thus, the FMOC-amino acid (3 mmol) was dis- 
solved in approximately 10 ml of DMF, treated for 1 min with a solution of 3 
mmol of HBTU dissolved in 6 ml of a 0.5 M solution of HOBt in DMF, and then 
immediately treated with 3 ml of a 2.0 M DIPEA solution for 5 min. 

The activation reagents used for activation of the FMOC-amino acid 
were as follows: 

HBTU = 2-(1 H-benzotriazol-1 -yl)-1 , 1 ,3,3-tetramethyluronium hexafluoro- 
phosphate. CAS No. [94790-37-1], Applied Biosystems Cat. No. 401091, mo- 
lecular weight: 379.3 g/mol 

HOBt = 1-Hydroxybenzotriazole, 0.5 M solution in DMF, Applied Biosystems 
Cat. No. 400934 

DIPEA = N,N-Diisopropylethylamine, 2.0 M solution in N-methylpyrrolidone, 
Applied Biosystems Cat. No. 401517 

The procedure described above was repeated in several cycles us- 
ing the appropriate different FMOC-amino acids, canying suitable protecting 
group(s), to produce a resln-bound source of the appropriate peptide (i.e., a 
"resin-bound" peptide). The procedure provides also a practical way of con- 
necting certain effector and/or spacer and/or linker units and so on, for in- 
stance biotin or the FMOC-Ahx (= 6-(FMOC-amino)-hexanoyl) moiety, to the 
resin-bound peptide. 
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Cleavage from the resin was carried out using the following reagent 

mixture: 

trifluoroacetic add (TFA) 92.5 vol-% 
water 5.0 vol-% 
ethanedithlol 2.5 vol-%. 

After the removal of the protecting FMOC group via steps 1. to 10. 
(as described in the general procedure above), the resin was treated with three 
portions of the above reagent mixture (each about 15 ml for 1 g of the resin), 
each for one hour. The treatments were carried out under argon atmosphere in 
the way described above. The TFA solutions obtained by filtration were then 
concentrated under reduced pressure using a rotary evaporator and were re- 
charged with argon. Some diethyl ether was added and the concentration re- 
peated. The concentrated residue was allowed to precipitate overnight under 
argon in dietyl ether in a refrigerator. The supernatant ether was removed and 
the precipitate rinsed with diethyl ether. For mass spectrum (MALDI-TOF+) de- 
termination, a sample of the precipitate was dissolved in solvents adequate for 
the spectral method, followed by filtration and, as needeed, dilution of the fil- 
tered solution. Further purification was done using reversed phase high- 
performance liquid chromatographic (HPLC) methods by means of a "Waters 
600" pump apparatus using a C-18 type column of particle size 10 microme- 
ters and a linear eluent gradient whose composition was changed during 30 
minutes from 99.9% water/0.1% TFA to 99.9% acetonitrlle/0.1% TFA. The di- 
mensions of the HPLC columns were 25 cm x 21.2 mm (Supeico cat. no. 
56721 2-U) and 15 cm x 10 mm (Supeico cat. no. 567208-U). Detection was 
based on absorbance at 218 nm and was carried out using a "Waters 2487" 
instrument. 

The cleavage mixture described above also simultaneously re- 
moved the following protecting groups: trityl (Trt) as used for cysteine -SH pro- 
tection; 2,2,4,6,7-pentamethyldihydrobenzofuran-5-sulfonyl (Pbf) as used for 
protection of side chain of arglnine; the ferf-butyl group (as an ester group on 
the carboxyl function; OtBu) as used for protection of the side-chain carboxyl 
group of glutamic acid and/or aspartic acid, and can nonmally be used also for 
removal of these protecting groups on analogous stmctures (thiol, guanyl, car- 
boxyl). It did not cause FMOC removal. 

The cleavage procedure described above can be carried out also 
without the removal of the FMOC group, to produce the amino temiinal A^- 



wo 2004/031221 




CT/FI2003/000726 



44 



FMOC-derivative of the peptide, or for a peptide linked to an effector unit 
(comprising no FMOC). 

MASS SPECTRAL METHOD EMPLOYED 

Matrix Assisted Laser Desorption Ionization - Time of Flight (MALDI 

-TOF) 

Type of the intrument: 

Bruker Biflex MALDI TOF mass spectrometer 
Supplier of the instrument: 

Bruker Daltonik GmbH; Fahrenheitstrasse 4; D-28359 Bremen; Gemiany 

MALDI-TOF POSITIVE ION REFLECTOR MODE 

External standards: 
Angiotensin li and ACTH(18-39) 
Matrix: 

alpha-cyano-4-hydroxycinnamic acid (saturated solution in aqueous 50% ace- 
tonitrlle containing 0.1% of trifluoroacetic acid). 

The sample, together with the matrix, was dried onto the target plate 
under a gentle stream of warm air. 

MALDI-TOF NEGATIVE ION REFLECTOR MODE 

Extemal standards: 
cholecystokinin and glucagon 
Matrix: 

2,4,6-trihydroxyacetophenone (3 mg/ml in 10 mM ammonium citrate in 50% 
acetonitrile). 

The sample, mixed with the matrix, was immediately dried onto the 
target plate under vacuum. 

SAMPLE PREPARATION 

The specimen was mixed at a 10-100 picomol/microliter concentra- 
tion with the matrix solution as described. 

"Shooting" by nitrogen laser at wawelength 337 nm. The voltage of 
the probe plate was 19 kV in the positive ion reflector mode and -19 kV in the 
negative ion reflector mode. 
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GENERAL REMARKS ABOUT THE SPECTRA (CONCERNING POSITIVE 
ION MODE ONLY) 

In all cases the M+l (i.e. the one proton adduct M+H^ signal with 
its typical fine structure based on isotope satellites was clearly predominant. In 
almost all cases, the M+1 signal pattern was accompanied by a similar but 
markedly weaker band of peaks at M+23 (Na4- adduct). In addition to the 
bands at M+1 and M+23, also bands at M+39 (K+ adduct) or M+56 (Fe+ ad- 
duct) could be observed in many cases. 

In case of substances with a low molecular mass, the 'matrix sig- 
nals' (signals due to the constituents of the matrix/ 'the ionization environment') 
have been omitted {i.e., signals at 294 and 380 Da have been omitted). 

The calculated molecular mass values reported within synthesis ex- 
amples correspond to the most abundant isotopes of each element, i.e., the 
'exact masses'. The interpretations given for signals are only tentative. 

EXAMPLE 3 

GENERAL PROCEDURES FOR I2-PROMOTED CYCLIZATION OF PEP- 
TIDE/TARGETING UNIT OR TARGETING AGENT ON RESIN (FOR PEP- 
TIDES AND TARGETING UNITS AND TARGETING AGENTS COMPRISING 
CYSTEINES) 

The resin (1 g) was swelled on CH2CI2 (15 ml) and stirred for 20 
minutes. The solvent was removed by filtration and the resin was treated once 
with DMF (15 ml) for three minutes. After filtration, the resin-bound peptide (or 
targeting agent) was treated with Iodine (5 molar equivalents) in DMF (10 mO 
for 1 hour. 

The DMF-lodine solution was removed by filtration and the residue 
was washed three times with DMF (15 ml) and three times with CH2CI2 (15ml) 
for 3 minutes each time. 

In case that a 'plain' peptide (without the FMOC group) was to be 
prepared, the FMOC group was removed and the peptide was released from 
the resin according to the general procedure described in Example 2 and puri- 
fied by reversed phase HPLC. In the case of targeting agents comprising no 
FMOC group, the product was released from the resin and purified analo- 
gously. 

Material used: 

Iodine, CAS No.7553-56-2, molecular weight: 253.81, Merck Art. No. 4760 
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EXAMPLE 4 

SYNTHESIS OF TARGETING UNIT (PEPTIDE) CIRECG. INCLUSION OF A 
SPACER GROUP (SHOWS ALSO HOW SPACER OR RELATED GROUPS 
CAN BE UTILIZED FOR SYNTHETIC COST REDUCTION, AND TO GIVE A 
TARGETING PEPTIDE WHOSE CARBOXY-TERMINAL END COMPRISES A 
SPACER UNIT TO WHICH AN EFFECTOR UNIT CAN BE LINKED AT A DIS- 
TANCE FROM THE TARGETING UNIT, IF DESIRED) 

Cyclization of targeting unit. Storage of product in protected and 
resin-bound form till use for further syntheses. Preparation of a specifically pro- 
tected targeting unit (FMOC-CIRECG, i.e. CIRECG with a FMOC group at its 
amino-terminal amino group). Resin as potential protecting unit. 

A) RESIN-BOUND PROTECTED PEPTIDE. CYCLIZATION. 

The resin-bound (fully protected) targeting peptide CIRECG was 
synthesized using manual synthesis as described in Example 2 above, using a 
Wang resin pre-loaded with FMOC-glycine and the FMOC-protected amino ac- 
ids listed below under 'Materials used'. After synthesis, the product carried 
side-chain protecting groups as follows: trityl (Trt) on each of the two cysteines, 
2,2,4,6,7-pentamethyldihydrobenzofuran-5-sulfonyl (Pbf) on the arginine, tert- 
butyl ester (OtBu) on the glutamic acid, and FMOC on the amino-temiinal 
amino group. The carboxy-terminal glycine was included in the compound as a 
spacer group (not needed for targeting) and in order to decrease costs (no 
need to use an e}q3ensive resin with pre-loaded protected cysteine). 

After the last cycle of the coupling process, the resin was shaken for 
one hour under argon with a DMF solution containing a five-fold excess of io- 
dine (E. Merck, Art. No.4760, molecular weight 253.81), as described in Ex- 
ample 3, for cyclization of the product (formation of a cystine unit from two cys- 
teine residues). 

The resin-bound protected peptide can be used for example in one 
or more of the following ways: 

1. As such as a starting material for the synthesis of the free peptide, as de- 
scribed below. 

2. As such as a starting material for the synthesis of the FMOC-protected pep- 
tide, as described below. 

3. As such as a starting material for further syntheses of targeting units and/or 
agents, and so on. 
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4. As a storage form of the free and/or FMOC-protected peptide. 
Materials used: 

Fmoc-Gly Resin, Applied Biosystems Cat. No. 401421 , 0.65 mmol/g 
Fmoc-L-Cys(trt)-OH, CAS No. 103213-32-7, Applied Biosystems Cat. No. 
GEN911027, Molecular Weight: 585.7 g/mol 

Fmoc-L-Glu(OtBu)-OH, CAS No. 71989-18-9, Applied Biosystems Cat. No. 
GEN911036, Molecular Weight: 425.5 g/mol 

Fmoc-L-Arg(Pbf)-OH, CAS No. 154445-77-9. Applied Biosystems Cat. No. 
GEN91 1097, Molecular Weight: 648.8 g/mol 

Fmoc-L-lle-OH, CAS No. 71989-23-6, Perseptive Biosystems Cat. No. 
GEN91 1045, Molecular Weight: 353.4 g/mol 
Fmoc-L-Cys(trt)-OH as above (again) 

B) FMOC-CIRECG 

A small sample of the resin (comprising the still fully protected cy- 
clized peptide) was treated, in a separate vessel, for three hours with the 
cleavage mixture described in Example 2, in order to cleave the side-chain 
protecting groups and to cleave the product from the resin. The amino-terminal 
FMOC group was not removed (steps 1-10 of Example 2 being thus omitted). 
Then, the product (FMOC-CIRECG) was identified with the aid of its positive 
mode MALDI-TOF mass spectrum, in which the M+1 ion of FMOC-CIRECG 
was clearly predominant. Thus, a targeting unit carrying an amino-terminal 
FMOC group was obtained. This product can be used for further syntheses (of, 
for example, other targeting units and/or targeting agents) and/or it can be 
used as such if A^protection is considered necessary or advantageous for the 
specific application in question. - When this product Is needed In larger quanti- 
ties, the whole of the resin canying the product is advantageously treated as 
described herein. 

The product, FMOC-CIRECG, can also be considered as a targeting 
agent and/or prototype of such (and the FMOC group thus as an effector unit), 
the FMOC unit for example being much more facile to detect by a some meth- 
ods than is a peptide alone. 

Identification of the FMOC-protected product: 

positive mode MALDI-TOF mass spectrum: M+1 ion clearly pre- 
dominant. 

MALDI-TOF data (FMOC-CIRECG, cyclic): 
calculated molecular mass = 899.33 
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observed signals: 
900.39 M+H 
922.39 M+Na 
938.34 M+K 
957.38 M+Fe 

C) TARGETING UNIT CIRECG ('FREE' PEPTIDE CIRECG) 

The synthesis of the targeting unit CIRECG {i.e., an unprotected 
peptide) Is carried out as follows: The resin carrying the still fully protected 
product (bound still to the resin) after the synthesis (as described above), or an 
aliquot thereof, is subjected to the treatment described in Example 2 for FMOC 
removal (steps 1-10 in that Example), after which the peptide is cleaved from 
the resin and isolated and purified as described in the same Example. If the 
cyclic forni (comprising cystine) is desired, It is possible and probably advanta- 
geous to cyclize the product (for example according to Example 3) before 
FMOC removal and removal of other protecting groups and cleavage of prod- 
uct from the resin. 

Altematively, the free' peptide can prepared by using the FMOC- 
CIRECG (prepared for example according to point B herein) as starting mate- 
rial and treating the latter with piperidine in solution and isolating and purifying 
the peptide for example with the aid chromatography, but this is usually not 
advantageous. 

EXAMPLE 5 

SYNTHESIS OF RESIN-BOUND PROTECTED TARGETING UNIT (PEP- 
TIDE) GCIRECG. INCLUSION OF TWO SPACER GROUPS (TO SHOW HOW 
SPACER OR RELATED GROUPS CAN BE UTILIZED FOR SYNTHETIC 
COST REDUCTION, AND TO GIVE A TARGETING PEPTIDE WHOSE CAR- 
BOXY-TERMINAL END AND AMINO-TERMINAL END COMPRISE EACH A 
SPACER GROUP, TO EITHER ONE OR BOTH OF WHICH AN EFFECTOR 
UNIT OR EFFECTOR UNITS AND/OR OTHER UNIT(S) CAN BE LINKED AT 
A DISTANCE FROM THE TARGETING UNIT, IF DESIRED) 

The targeting peptide CIRECG was prepared as described in Ex- 
ample 4, without removing the FMOC group and other protecting groups and 
without cleaving the product from the resin. The FMOC-CIRECG-resin thus ob- 
tained was treated according to the general method described in Example 2. 
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For the addition of the amino-terminal glycine unit, the resin was thus treated 
with FMOC-glycine (FMOC-Gly-OH). CAS No. [29022-11-5], Novabiochem 
Cat. No. 04-12-1001, molecular weight: 297.3 g/mol. 

The product was preserved in the resin-bound protected (fully pro- 
tected, no groups removed) fomn for future targeting agent synthesis, and was 
used for the synthesis described in Example 6. Identification can be based on 
the results of that Example. 

EXAMPLE 6 

SYNTHESIS OF TARGETING AGENT [TARGETING UNIT CIREC, TWO 
SPACER UNITS (GLYCINES, ONE OF WHICH CAN BE REGARDED AS A 
LINKER UNIT, TOO). LINKED TO AN EFFECTOR UNIT (DIETHYL- 
ENETRIAMINEPENTAACETIC ACID MINUS ONE OH)] 

The following materials were employed: 
Diethylenetriaminepentaacetic dianhydride, CAS No. [23911-26-4], molecular 
weight: 357.32, Aldrich cat. no. 28,402-5 
N,N-Dimethylformamide; DMF, peptide synthesis grade 

The resin-bound protected peptide FMOC-GCIRECG was prepared 
as described in Example 5 and the FMOC group was removed as desribed in 
Example 2 (steps 1-1 1) but the peptide was not cleaved from the resin. 

140 mg of the above dianhydride (5 equivalents) were allowed to 
soak in 2 ml of DMF ovemight. The resin carrying 0.4 mmol of peptide (1 
equivalent) was combined with the DMF slurry of the dianhydride (a major part 
of the dianhydride had obviously dissolved before this) and shaken with the 
bottle shaker under an atmosphere of argon for 7 hours. 

After standing ovemight under argon, the DMF-slurry was filtered 
away through a sintered glass disc of porosity grade 2. The resin remaining on 
the filter disc was transferred into the equipment described for manual solid 
phase syntheses in Example 2, and was thoroughly washed (shaken) three 
times with DMF and dichloromethane as desribed in Example 2. 

The cleavage of the product from the resin was carried out in the 
way desribed In Example 2, and finally a product In which the cariDoxyl func- 
tions no longer were part of anhydride structures was obtained. In the product, 
one terminal carboxyl group is bonded to the AA-terminal amino group of GCI- 
RECG with an amide bond, the other ones being free carboxyl groups: 




This targeting agent can be used to bind metai ions ['natural' metal 
ions at a tumor site, or for example radioactive and/or paramagnetic metal ions 
administered for example systemically via blood to tiie organism for thierapeu- 
tic and/or diagnostic purposes, or radioactive and/or paramagnetic and/or 
other metal ions (that may for example be detectable with the aid of electron 
microscopic elemental analysis and/or by colour reactions, etc.) administered 
for example to paraffin-embedded or other tissue slices etc. for the purpose of 
visualizing tumors in vitro], and can also be used to inhibit enzymes that com- 
prise a metal ion susceptible to the effector unit by virtue of the effector unit's 
chelating properties that are l<nown well by those skilled in the art. 

Another use for this product is as starting material of further target- 
ing agents by chelation of paramagnetic metal ions, radioactive metal ions 
and/or other metal ions, or by reacting the many carboxyl groups. 

Identification of the product: 

positive mode MALDI-TOF mass spectrum: M+1 ion cleariy pre- 

dominEuit. 

MALDI-TOF data (DTPA-GCIRECG, acyclic): 
calculated molecular mass = 1 1 11 .43 
observed signals: 
11 12.43 IVl+H (strong) 
1134.42 M+Na (weak) 
1150.42 M+K(weak) 
1169.52 M+Fe(weak) 
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EXAMPLE 7 

SYNTHESIS OF TARGETING UNIT (PEPTIDE) CERICG. INCLUSION OF A 
SPACER GROUP (TO SHOW HOW SPACER OR RELATED GROUPS CAN 
BE UTILIZED FOR SYNTHETIC COST REDUCTION, AND TO GIVE A TAR- 
GETING PEPTIDE WHOSE CARBOXY-TERMINAL END COMPRISES A 
SPACER UNIT TO WHICH AN EFFECTOR UNIT CAN BE LINKED AT A DIS- 
TANCE FROM THE TARGETING UNIT, IF DESIRED) 

The synthesis, including deprotectlons, removal from resin and iso- 
lation and purification, was carried out as described in Example 2, employing 
the same FMOC-glycine resin as In Example 4 and, in the appropriate order 
(C, I, R, E, C) the same protected amino acids as are described in Example 4. 

After the last cycle of the coupling process, the product was cyclized 
as described in Example 3. After this treatment the peptide was deprotected 
(FMOC removal) and cleaved from the resin (with simultaneous removal of the 
other protecting groups) and isolated and purified in the manner indicated in 
Example 2, starting from step 13. 

Identification of the product: 

positive mode MALDI-TOF mass spectrum: M+1 ion clearly pre- 
dominant. 

MALDI-TOF data (CERICG, acyclic): 
calculated molecular mass = 679,28 
observed signal: 
680.28 M+H 

MALDI-TOF data (FMOC-CERICG, acyclic): 
calculated molecular mass = 901 .35 
observed signals: 
902.42 M+H 
924.37 M+Na 
959.49 M+Fe 
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EXAMPLE 8 

SYNTHESIS OF TARGETING UNIT (PEPTIDE) CIREC WITH TWO SPACER 
UNITS [ONE GLYCINE AND ONE 6-AMINOHEXANOIC ACID (AHX)] LINKED 
TO IT: AHXCIRECG 

The resin-bound targeting unit (peptide) CIRECG was synthesized 
analogously to Example 4 above using manual synthesis as described in Ex- 
ample 2 above, and the synthesis was continued with one further unit (the 
spacer, or linker, unit Ahx) in the same way. 

After the last cycle of the coupling process, the product (that was 
still resin-bound and in its fully protected fomi) was cyclized by shaking the 
resin for one hour under argon with a DMF solution containing a five-fold ex- 
cess of iodine (E. Merck, Art. No.4760, molecular weight 253.81). 

The following reagents were employed as starting materials (in this 

order): 

Fmoc-Gly Resin, Applied Biosystems Cat. No. 401421 , 0.65 mmol/g 
Fmoc-L-Cys(trt)-OH, CAS No. 103213-32-7. Applied Biosystems Cat. No. 
GEN911027, Molecular Weight: 585.7 g/mol 

Fmoc-L-Glu(OtBu)-OH, CAS No. 71989-18-9, Applied Biosystems Cat. No. 
GEN911036, Molecular Weight: 425.5 g/mol 

Fmoc-L-Arg(Pbf)-OH, CAS No. 154445-77-9, Applied Biosystems Cat. No. 
GEN91 1097, Molecular Weight: 648.8 g/mol 

Fmoc-L-lle-OH, CAS No. 71989-23-6, Perseptive Biosystems Cat. No. 
GEN911045, Molecular Weight: 353.4 g/mol 
Fmoc-L-Cys(trt)-OH as above (again) 

Fmoc-6-aminohexanoic acid (Fmoc-6-Ahx-OH), CAS No. 88574-06-5, No- 
vabiochem Cat. No. 04-12-11 11 A22837, Molecular Weight: 353.4 g/mol 

The 'free' product AhxClRECG (product without FMOC and without 
any other protecting groups, and cleaved from the resin) was prepared as fol- 
lows: The resin canrying the still fully protected product (bound still to the resin) 
after the synthesis (as described at)Ove) was subjected to the treatment de- 
scribed in Example 2 for FMOC removal (steps 1-10 in that Example), after 
which the peptide was cleaved from the resin (with concomitant deprotection) 
and isolated and purified as described in the same Example. 

Identification of the product: 
positive mode MALDI-TOF mass spectrum: M+1 ion clearly predominant. 
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MALDI-TOF data (AhxCIRECG. cyclic): 
calculated molecular mass = 790.35 
observed signals: 
791.41 M+H 
813.33 M+Na 
848-40 M+Fe 

EXAMPLE 9 

SYNTHESIS OF TARGETING UNIT (PEPTIDE) IQLRDWGFIL 

The amino-terminaliy FMOC-protected targeting unit (protected pep- 
' tide) FMOC-IQLRDWGFIL (comprising targeting motif LRD) was synthesized 
using manual synthesis as described in Example 2 above. 

After the last cycle of the coupling process, a small sample of the 
resin (containing the still fully protected peptide) was treated, in a separate 
vessel, for three hours with the cleavage mixture described in Example 2, in 
order to cleave the side-chain protecting groups and to cleave the product from 
the resin. The amino-terminal FMOC group was not removed (steps 1-10 of 
Example 2 being thus omitted). Then, the product (FMOC-IQLRDWGFIL) was 
identified with the aid of its positive mode MALDI-TOF mass spectrum, in 
which the M+1 ion of FMOC-IQLRDWGFIL was clearly predominant. Thus, a 
targeting unit carrying an amino-tennlnal FMOC group was obtained. This 
product can be used for further syntheses (of, for example, other targeting 
units and/or targeting agents) and/or it can be used as such if AA-protection is 
considered necessary or advantageous for the specific application in question. 
- When this product is needed in larger quantities, the whole of the resin carry- 
ing the product is advantageously treated as described herein. 

The FMOC-protected product can also be considered as a targeting 
agent and/or prototype of such (and the FMOC group thus as an effector unit). 

The following reagents were employed as starting materials (in this 

order): 

Fmoc-Leu Resin, Applied Biosystems Cat. No. 401424, 0.77 mmol/g 
Fmoc-L-lle-OH, CAS No. 71989-23-6, Perseptive Biosystems Cat. No. 
GEN911045, Molecular Weight: 353.4 g/mol 

Fmoc-L-Phe-OH, CAS No. 35661-40-6, Applied Biosystems Cat. No. 
GEN911058, Molecular Weight: 387.4 g/mol 
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FMOC-Gly-OH, CAS No. 29022-11-5, Novabiochem Cat. No. 04-12-1001, Mo- 
lecular Weight: 297.3 g/mol 

Fmoc-L-Trp(tBoc)-OH, CAS No. 143824-78-6, Applied Biosystems Cat. No. 
GEN911092, Molecular Weight: 526.6 g/mol 

Fmoc-L-Asp(OtBu)-OH, CAS No. 71989-14-5, Perseptive Biosystems Cat. No. 
GEN911021, Molecular Weight: 411.5 g/mol 

Fmoc-L-Arg(Pbf)-OH, CAS No. 154445-77-9, Applied Biosystems Cat. No. 
GEN911097, Molecular Weight: 648.8 g/mol 

Fmoc-L-Leu-OH, CAS No. 35661-60-0, Applied Biosystems Cat. No. 
GEN911048, Molecular Weight: 353.4 g/mol 

Fmoc-L-Gln-OH, CAS No. 71989-20-3, Applied Biosystems Cat. No. 
GEN911033, Molecular Weight: 368.4 g/mol 
Fmoc-L-lle-OH as above (again) 

The free' product IQLRDWGFIL (the product without FMOC and 
without any other protecting groups, and cleaved from the resin) was prepared 
as follows: The resin carrying the still fully protected product (bound still to the 
resin) after the synthesis (as described above) was subjected to the treatment 
described in Example 2 for FMOC removal (steps 1-10 in that Example), after 
which the peptide was cleaved from the resin (with concomitant deprotection) 
and isolated and purified as described in the same Example. 

Identification of the product: 
positive mode MALDI-TOF mass spectrum: M+1 ion clearly predominant. 

MALDI-TOF data (IQLRDWGFIL): 
calculated molecular mass = 1259.70 
observed signals: 
1260.7 M+H 
1282.6 M+Na 

MALDI-TOF data (FMOC-IQLRDWGFIL): 
calculated molecular weight = 1481.77 
observed signals: 
1482.77 M+H 
1504.71 M+Na 
1526.63 M+K 
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EXAMPLE 10 

SYNTHESIS OF TARGETING UNIT (PEPTIDE) IQLRD 

The amino-terminally FMOC-protected targeting unit (protected pep- 
tide) FI\/IOC-IQLRD (comprising targeting motif LRD) was synthesized using 
manual synthesis as described in Example 2 above. 

After the last cycle of the coupling process, a small sample of the 
resin (containing the still fully protected cyclized peptide) was treated, in a 
separate vessel, for three hours with the cleavage mixture described in Exam- 
ple 2, in order to cleave the side-chain protecting groups and to cleave the 
product from the resin. The amino-terminal FMOC group was not removed 
(steps 1-10 of Example 2 being thus omitted). Then, the product (FMOC- 
IQLRD) was identified with the aid of its positive mode MALDI-TOF mass spec- 
trum, in which the M+1 ion of FMOC-IQLRD was clearly predominant. Thus, a 
targeting unit carrying an amino-temninal FMOC group was obtained. This 
product can be used for further syntheses (of, for example, other targeting 
units and/or targeting agents) and/or it can be used as such if AA'protection is 
considered necessary or advantageous for the specific application in question. 
When this product is needed in larger quantities, the whole of the resin carry- 
ing the product is advantageously treated as described herein. 

The FMOC-protected product can also be considered as a targeting 
agent and/or prototype of such (and the FMOC group thus as an effector unit). 

The following reagents were employed as starting materials (in this 

order): 

Fmoc-Asp(OtBu) Resin, Applied Biosystems Cat. No. 401417, 0.67 mmol/g 
Fmoc-L-Arg(Pbf)-OH, CAS No. 154445-77-9, Applied Biosystems Cat. No. 
GEN91 1097, Molecular Weight: 648.8 g/mol 

Fmoc-L-Leu-OH, CAS No. 35661-60-0, Applied Biosystems Cat. No. 
GEN91 1048, Molecular Weight: 353.4 g/mol 

Fmoc-L-Gln-OH, CAS No. 71989-20-3, Applied Biosystems Cat. No. 
GEN911033, Molecular Weight: 368.4 g/mol 

Fmoc-L-lle-OH, CAS No. 71989-23-6, Perseptive Biosystems Cat. No. 
GEN911045, Molecular Weight: 353.4 g/mol 

The free' product IQLRD (the product without FMOC) is prepared 
as follows: The resin carrying the still fully protected product (bound still to the 
resin) after the synthesis (as described above), or an aliquot thereof, is sub- 
jected to the treatment described in Example 2 for FMOC removal (steps 1-10 
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in that Example), after which the peptide is cleaved from the resin and isolated 
and purified as described in the same Example. 

Identification of the FMOC-protected product: 
positive mode MALDI-TOF mass spectrum: M+1 ion clearly predominant. 

MALDI-TOF data (FMOC-IQLRD): 
calculated molecular mass = 865.43 
observed signals: 
866.51 M+H 
888.47 M+Na 

EXAMPLE 11 

SYNTHESIS OF TARGETING UNIT (PEPTIDE) LRELSMGYFK 

The amino-terminaily FMOC-protected targeting unit (protected pep- 
tide) FMOC-LRELSMGYFK (comprising targeting motif LRE) was synthesized 
using manual synthesis as described in Example 2 above. 

After the last cycle of the coupling process, a small sample of the 
resin (containing the still fully protected cyclized peptide) was treated, in a 
separate vessel, for three hours with the cleavage mixture described in Exam- 
ple 2, in order to cleave the side-chain protecting groups and to cleave the 
product from the resin. The amino-tenminal FMOC group was not removed 
(steps 1-10 of Example 2 being thus omitted). Then, the product (FMOC- 
LRELSMGYFK) was identified with the aid of its positive mode MALDI-TOF 
mass spectrum, in which the M+1 ion of FMOC-LRELSMGYFK was clearly 
predominant. Thus, a targeting unit carrying an amino-terminal FMOC group 
was obtained. This product can be used for further syntheses (of, for example, 
other targeting units and/or targeting agents) and/or it can be used as such if 
Af-protection is considered necessary or advantageous for the specific applica- 
tion in question. - When this product is needed in larger quantities, the whole 
of the resin carrying the product is advantageously treated as described 
herein. 

The FMOC-protected product can also be considered as a targeting 
agent and/or prototype of such (and the FMOC group thus as an effector unit). 
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The following reagents were employed as starting materials (in this 

order): 

Fmoc-Lys(Boc) Resin, Applied Biosystems Cat. No. 401425, 0.70 mmol/g 
Fmoc-L-Phe-OH, CAS No. 35661-40-6, Applied Biosystems Cat. No. 
GEN911058, Molecular Weight: 387.4 g/mol 

Fmoc-L-Tyr(tBu)-OH, CAS No. 71989-38-3, Applied Biosystems Cat. No. 
GEN911068. IVlolecular Weight: 459.5 g/mol 

FMOC-Gly-OH, CAS No. 29022-11-5, Novabiochem Cat. No. 04-12-1001, Mo- 
lecular Weight: 297.3 g/mol 

Fmoc-L-Met-OH, CAS No. 71989-28-1, Applied Biosystems Cat. No. 
GEN911054, Molecular Weight: 371.5 g/mol 

Fmoc-L-Ser(tBu)-OH, CAS No. 71989-33-8, Perseptive Biosystems Cat. No. 
GEN91 1062, Molecular Weight: 383.4 g/mol 

Fmoc-L-Leu-OH, CAS No. 35661-60-0, Applied Biosystems Cat. No. 
GEN91 1048, Molecular Weight: 353.4 g/mol 

Fmoc-L-Glu(OtBu)-OH, CAS No. 71989-18-9, Applied Biosystems Cat. No. 
GEN911036, Molecular Weight: 425.5 g/mol 

Fmoc-L-Arg(Pbf)-OH, CAS No. 154445-77-9, Applied Biosystems Cat. No. 
GEN91 1097, Molecular Weight: 648.8 g/mol 
Fmoc-L-Leu-OH as above (again) 

The free' product LRELSMGYFK (the product without FMOC and without any 
other protecting groups, and cleaved from the resin) was prepared as follows: 
The resin carrying the still fully protected product (bound still to the resin) after 
the synthesis (as described above) was subjected to the treatment described 
in Example 2 for FMOC removal (steps 1-10 in that Example), after which the 
peptide was cleaved from the resin (with concomitant deprotection) and iso- 
lated and purified as described In the same Example. 
Identification of the product: 

positive mode MALDI-TOF mass spectrum: M+1 ion clearly predominant. 

MALDI-TOF data (LRELSMGYFK): 
calculated molecular mass = 1242.64 
observed signals: 
1243.35 M+H 
1265.31 M+Na 

MALDI-TOF data (FMOC-LRELSMGYFK): 
calculated molecular mass = 1464.71 
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observed signals: 

1465.40 M+H 
1487.43 M+Na 

1503.41 M+K 

EXAMPLE 12 

SYNTHESIS OF TARGETING UNIT (PEPTIDE) LRELS 

The amino-terminally FMOC-protected targeting unit (protected pep- 
tide) FMOC-LRELS (comprising targeting motif LRE) was syntliesized using 
manual synthesis as described in Exeunple 2 above. 

After the last cycle of the coupling process, a small sample of the 
resin (containing the still fully protected cyclized peptide) was treated, in a 
separate vessel, for three hours with the cleavage mixture described in Exam- 
ple 2, in order to cleave the side-chain protecting groups and to cleave the 
product from the resin. The amino-terminal FMOC group was not removed 
(steps 1-10 of Example 2 being thus omitted). Then, the product (FMOC- 
LRELS) was identified with the aid of its positive mode MALDl-TOF mass 
spectrum, in which the M+1 ion of FMOC-LRELS was cleariy predominant. 
Thus, a targeting unit carrying an amino-terminal FMOC group was obtained. 
This product can be used for further syntheses (of, for example, other targeting 
units and/or targeting agents) and/or it can be used as such if N-protection is 
considered necessary or advantageous for the specific application in question. 
When this product is needed in larger quantities, the whole of the resin carry- 
ing the product is advantageously treated as described herein. 

The FMOC-protected product can also be considered as a targeting 
agent and/or prototype of such (and the FMOC group thus as an effector unit). 

The following reagents were employed as starting materials (in this 

order): 

Fmoc-Ser(tBu) Resin, Applied Biosystems Cat. No. 401429, 0.64 mmol/g 
Fmoc-L-Leu-OH, CAS No. 35661-60-0, Applied Biosystems Cat. No. 
GEN91 1048, Molecular Weight: 353.4 g/mol 

Fmoc-L-Glu(OtBu)-OH, CAS No. 71989-18-9, Applied Biosystems Cat. No. 
GEN91 1036, Molecular Weight: 425.5 g/mol 

Fmoc-L-Arg(Pbf)-OH, CAS No. 154445-77-9, Applied Biosystems Cat. No. 
GEN91 1097, Molecular Weight: 648.8 g/mol 
Fmoc-L-Leu-OH as above (again) 
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The "free' product LRELS (the product without FMOC) is prepared 
as follows: The resin carrying the still fully protected product (bound still to the 
resin) after the synthesis (as described above), or an aliquot thereof, is sub- 
jected to the treatment described in Example 2 for FMOC removal (steps 1-10 
in that Example), after which the peptide is cleaved from the resin and isolated 
and purified as described in the same Example. 

Identification of the FMOC-protected product: 
positive mode MALDI-TOF mass spectrum: M+1 ion clearly predominant. 

MALDI-TOF data (FMOC-LRELS): 
calculated molecular mass = 838.42 
obsen/ed signals: 
839.51 M+H 
861.42 M+Na 

EXAMPLE 13 

GENERAL PROCEDURE EMPLOYED IN THE SYNTHESES OF BIOTI- 
NYLATED COMPOUNDS [TARGETING AGENTS COMPRISING ONE D- 
BIOTIN (VITAMIN H) AS AN EFFECTOR UNIT] 

The appropriate protected peptide was synthesized on using solid- 
phase synthesis according to the general procedure described in Example 2. 
The peptide was not deprotected and also not removed from the resin. The 
resin-bound peptide was added to the reaction flask. The resin was swelled 
using CH2CI2 (15 ml) and stirred for 20 minutes. The solvent was removed by 
filtration and the resin was treated once with DMF for three minutes. The pep- 
tide was deprotected using 20% piperidine solution in DMF (20ml) and shaking 
therewith for 5, and the process was repeated using (now shaking for 10 min- 
utes). The resin was washed three times with DMF (15 ml) and three times 
with CH2CI2 (15ml) and once with DMF (15 ml) for three minutes each time. 

D-biotin (3 molar equivalents) in DMF (10 ml) (heterogenous sus- 
pension) was treated in a separate vessel with a 0.5 M solution of 
HBTU/HOBT in DMF (3 molar eq.) for one minute. Into the vessel was added a 
2 M solution of di-isopropylethylamine in NMP (6 molar eq.). After the addition, 
the reaction mixture became homogenous. The mixture was added to the re- 
action apparatus and the apparatus was shaken for 2 hours. 
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The reaction mixture was then filtered and the residue was washed 
three times with DMF (15 ml) and three times with CH2CI2 (15ml) for 3 minutes 
each time. 

In case that the peptide was to be both biotlnylated as described 
herein and cyclized by an iodine treatment as described in B^mple 3, the cy- 
clization was performed after the biotinylation procedure. 

Material used: 

D-Biotin (Vitamin H), CAS No. 58-85-5, molecular weight: 244.3, Sigma 

B-4501 

99% 

EXAIVIPLE 14 

SYNTHESIS OF TARGETING AGENT BIO-LRELS (BIO = D-BIOTIN = VITA- 
MIN H), COMPRISING THE EFFECTOR UNIT D-BIOTIN COUPLED (LINKED 
DIRECTLY, WITHOUT SPECIFIC LINKER UNITS) VIA ITS CARBOXYL 
GROUP TO THE N-TERMINAL AMINO GROUP OF THE PEPTIDE LRELS 
BY VIRTUE OF AN AMIDE BOND, AND ALSO COMPRISING THE TARGET- 
ING UNIT LRELS 

The targeting agent was synthesized using manual synthesis as de- 
scribed in Example 2 above (analogously to the synthesis in Example 12 
above) and using the biotinylation procedure described in Example 13 above 
as the final coupling step. In this final coupling process, D-biotIn was employed 
instead of a protected amino acid. D-biotin was not protected but was em- 
ployed as such. The product was isolated and purified in the manner indicated 
In Example 2 and identified by positive-mode MALDI-TOF spectroscopy (M+1 
ion clearly predominant). 

The total yield of the synthesis starting from the serine resin all the 
way up to the HPLC-purified product was 29% (as calculated on the basis of 
the serine resin using the loading degree reported by the manufacturer of the 
resin). 

Identification of the product: 
positive mode MALDI-TOF mass spectnjm: M+1 Ion clearly predominant. 

MALDI-TOF data (Bio-LRELS): 
calculated molecular mass = 842.43 
observed signal: 
843.52 M+H 
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EXAMPLE 15 

SYNTHESIS OF TARGETING AGENT BIO-CIRECG (BIO = D-BIOTIN = VI- 
TAMIN H). COMPRISING THE EFFECTOR UNIT D-BIOTIN COUPLED 
(LINKED DIRECTLY, WITHOUT SPECIFIC LINKER UNITS) VIA ITS CAR- 
BOXYL GROUP TO THE N-TERMINAL AMINO GROUP OF THE PEPTIDE 
CIRECG BY VIRTUE OF AN AMIDE BOND, AND ALSO COMPRISING THE 
TARGETING UNIT CIRECG OR THE TARGETING UNIT CIREC AND THE 
SPACER UNIT G 

The targeting agent was synthesized using manual synthesis as 
described in Example 2 above (analogously to the synthesis in Example 4 
above). In the final coupling process, D-biotin was employed instead of a 
protected amino acid. D-biotin was not protected but was employed as such. 
The product was isolated and purified in the manner indicated in Example 2 
after an iodine-promoted cystine cyclization that was carried out according to 
the general method described in Example 3. 

Identification of the product: 
positive mode MALDI-TOF mass spectrum: M+1 ion cleariy predominant. 

MALDl-TOF data (Bio-CIRECG, cyclic): 
calculated molecular mass = 903.34 
observed signals: 
904.40 M+H 
926.32 M+Na 
961.45M+Fe 

EXAMPLE 16 

SYNTHESIS OF TARGETING AGENT BIO-LRELSMGYFK (BIO = D-BlOTlN = 
VITAMIN H), COMPRISING THE EFFECTOR UNIT D-BIOTIN COUPLED 
(LINKED DIRECTLY, WITHOUT SPECIFIC LINKER UNITS) VIA ITS CAR- 
BOXYL GROUP TO THE N-TERMINAL AMINO GROUP OF THE PEPTIDE 
LRELSMGYFK BY VIRTUE OF AN AMIDE BOND, AND ALSO COMPRISING 
THE TARGETING UNIT LRELSMGYFK 

The targeting agent was synthesized, isolated, purified and 
identified analogously to the procedures in Examples 1 1 and 14 above. 

Identification of the product: 
positive mode MALDI-TOF mass spectrum: M+1 ion clearty predominant. 
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MALDI-TOF data (Bio-LRELSMGYFK): 
calculated molecular mass = 1468.72 
observed signals: 
1469.60 M+H 
1491.48 M+K 

EXAMPLE 17 

SYNTHESIS OF TARGETING AGENT BIO-IQLRD (BIO = D-BIOTIN = VITA- 
MIN H), COMPRISING THE EFFECTOR UNIT D-BIOTIN COUPLED (LINKED 
DIRECTLY, WITHOUT SPECIFIC LINKER UNITS) VIA ITS CARBOXYL 
GROUP TO THE N-TERMINAL AMINO GROUP OF THE PEPTIDE IQLRD BY 
VIRTUE OF AN AMIDE BOND. AND ALSO COMPRISING THE TARGETING 
UNIT IQLRD 

The targeting agent was synthesized, isolated, purified and 
identified analogously to the procedures in Examples 10 and 13 above. 

Identification of the product: 
positive mode MALDI-TOF mass spectrum: M+1 Ion clearly predominant. 

MALDI-TOF data (Bio-IQLRD): 
calculated molecular mass = 869.44 
observed signal: 
870.37 

EXAMPLE 18 

SYNTHESIS OF TARGETING AGENT 'DTPA-AHXCIRECG' [TARGETING 
UNIT (PEPTIDE) CIREC WITH TWO SPACER UNITS (ONE GLYCINE AND 
ONE 6-AMINOHEXANOIC ACID (AHX) (OR: TARGETING UNIT AHXCI- 
RECG), LINKED TO AN EFFECTOR UNIT (DIETHYLENETRIAMINEPEN- 
TAACETIC ACID MINUS ONE OH)] 

The structure of the targeting agent to be synthesized: 



RECTIFIED SHEET (RULE 91) 




FMOOAhx-CIRECG resin was prepared (according to what Is 
described in Example 8) and treated with elemental iodine by the methods 
described In Example 3 and 8, and the protecting FMOC group was removed 
as described in Example 2, after which the product AhxCIRECG (cyclic by 
virtue of cystine unit) was cleaved from the resin (with concomitant removal of 
the other protecting groups) and purified by HPLC according to the general 
methods described in Examples 2 and 3. 

The Isolated purified peptide thus obtained was then treated with 10 
molecular equivalents of diethylenetriamlnepentaacetic dianhydride in the 
presence of one molecular equivalent of triethylamine In DMF solution (0.01 M 
solution as calculated on the basis of the peptide) for 18 hours. After this 
treatment, the volume was doubled by addition of water to the DMF solution, 
and the solution was put aside and allowed to stay still for 4 hours. Finally, the 
solvents were evaporated in vacuo and the residue was mixed in water 
containing 0.1% trifluoroacetic acid and was filtered and the filtrate was 
purified by reversed-phase HPLC. The product was cleariy Identified by Its 
M+1 peak in the IVIALDI-TOF mass spectrum. 

The following materials were used in the synthesis: 
Diethylenetriaminepentaacetic dianhydride, CAS No. 23911-26-4, molecular 
weight: 357.32, Aldrich 28.402-5. 98% 

DMF; N,N-Dimethylformamide; Merck 1.02937 , UV-spectral grade 
Triethylamine, CAS No. 121-44-8, molecular weight: 101.19, RIedel-de-Haen 
16304 
99% 



RECTIFIED SHEET (RULE 91) 
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Identification of tfie product: 
positive mode l\/IALDI-TOF mass spectrum: ion clearly predominant. 

MALDI-TOF data (DTPA-AhxCIRECG, cyclic): 
calculated molecular mass = 1 165.47 
observed signals: 

11 66.27 M+H (strong) 
11 88.24 M+Na (weak) 

1223.28 M+Fe (medium) 

EXAMPLE 19 

SYNTHESIS OF TARGETING AGENT 'GD-DTPA-AHXCIRECG' [TARGET- 
ING UNIT (PEPTIDE) CIREC WITH TWO SPACER UNITS (ONE GLYCINE 
AND ONE 6-AMINOHEXANOIC ACID (AHX) (OR: TARGETING UNIT AHX- 
CIRECG), LINKED TO AN EFFECTOR UNIT (DIETHYLENETRIAMINEPEN- 
TAACETIC ACID MINUS ONE OH. CHELATED TO GD®*)] 

The targeting agent prepared In Example 18 was chelated with 
Gd(lll) ions as follows: 

One molecular equivalent of the chelator described above (in 
Example 18) was dissolved in 21 molecular equivalents of aqueous 0.01 M 
ammonium bicarbonate and 7 molecular equivalent of aqueous 0.01 M 
gadolinium(lll) chloride was mixed with it at room temperature. After 16 hours, 
the mixture was deep-frozen and lyophilized. The residue was dissolved in 
water and filtered. The product was identified by its negative-ion mode 
MALDI-TOF mass spectrum, giving the molecular weight 1320.55 g/mol. The 
isotope pattern typical of Gd was seen in the spectrum. 

The following materials were used in the synthesis: 
Gadolinium(lll) chloride hydrate, CAS No. 19423-81-5, Aldrich 45,085-5, 41% 
Gd 

Ammonium bicarbonate, CAS No, 1066-33-7, molecular weight: 79.06, Sigma 
A-6141,99% 

Identification of the product: 

MALDI-TOF data (Gd-DTPA-AhxCIRECG, cyclic) 
negative ion MALDI-TOF: 

calculated molecular mass = 1317.4 (Gd isotope 155) 
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observed signals: 
1316.10 M-1 (Gd-155) 
1317 
1318 

1319 strongest signal M-1 (Gd-158) 

1320 

1321 

1322 

EXAMPLE 20 

SYNTHESIS OF TARGETING AGENT (ANTHRAQUINO- 
NE-2-CARBONYL)-CIRECG ('AQC-CIRECG'; CYCLIC BY VIRTUE OF CYS- 
TINE UNIT), COMPRISING THE EFFECTOR UNIT ANTHRAQUINO- 
NE-2-CARBOXYLIC ACID COUPLED (LINKED DIRECTLY, WITHOUT SPE- 
CIFIC LINKER UNITS) VIA ITS CARBOXYL GROUP TO THE N-TERMINAL 
AMINO GROUP OF THE PEPTIDE CIRECG 

The protected uncyclized resin-bound targeting peptide 
FMOC-CIRECG was prepared as described in Example 4 above, with the 
exceptions that the cyclization (iodine treatment) and further work-up were 
postponed to be carried out after the coupling of the effector unit. 

The coupling of the effector unit was carried out by means of 
manual synthesis similar to the one described in Example 2 above, with the 
exception of step 12, DIPEA and anthraquinone-2-carbonyl chloride being 
added (instead of a protected amino acid) In a three-fold excess to the 
resin-bound peptide and without any separate activation steps. DIPEA was 
added first as a 0.34 M solution in DMF, and anthraquinone-2-cartDonyl 
chloride right after a short shaking, without any draining of the resin, as a 
0.034 M solution in DMF followed by shaking for 4 hours. 

Material used (in addition to the ones mentioned in Example 4): 
Anthraquinone-2-cari3onyl chloride, Molecular weight 270.67 g/mol, Tokyo Ka- 
sei Cat. No. TCI-GR A0503 
Identification of the product: 

positive mode MALDI-TOF mass spectrum: M+1 ion clearly predominant. 

MALDI-TOF data (Aqc-CIRECG, cyclic): 
calculated molecular mass = 912.35 
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observed signals: 
912.39 M+H 
934.29 M+Na 

EXAMPLE 21 

GENERAL METHOD FOR THE CYCLIZATION OF A PEPTIDE AND/OR 
TARGETING UNIT AND/OR TARGETING AGENT AND/OR TARGETING 
MOTIF AND/OR TARGETING MOTIF. AND/OR PART THEREOF. IN THE 
FORM OF A LACTAM (AS MACROLACTAM; BY VIRTUE OF A PEPTIDE 
BOND BETWEEN LYSINE AND ASPARTIC ACID THAT WERE INCLUDED 
IN THE SEQUENCE AT THE ENDS OF AN 'INTERMEDIARY SEQUENCE) 

The uncyclized, fully protected, resin-bound peptides were prepared 
manually by means of the general method described in Example 2 above. 

Prior to the cyclization, a selective, one-process, dismantling of the 
side-chain protecting groups of lysine and aspartic acid [the said groups were: 
4-methyltrityl on the lysine unit and 2-phenylisopropyl (ester) on the aspartic 
acid unit] was carried out with diluted TFA (4 % in dichloromethane). The 
cyclization involved a condensation between the side-chain carboxyl group of 
the aspartic acid unit and the 6-amino group (side-chain amino group) of the 
lysine unit. Activation was by a PyAOP/HOAt/DIPEA reagent mixture (for 
details and abbreviation explanation, see below) or, altemativeiy, by the 
HBTU/HOBt/DIPEA mixture described in Example 2. The equipment, common 
solvents, and practical techniques were similar to those described in Example 
2. 

The initially ^lly protected resln-bound peptide (0.3 mmol) was 
shal^en under argon atmosphere at room temperature with different solutions 
(about 10 mL) for the periods of time indicated below, followed by filtration: 

1 . dichloromethane, for 20 min. 

2. 4 % (by volume) trifiioroacetic acid in dichloromethane, for 15 min. 

3. 0.2 M DIPEA in 1 :10 mixture of NMP and dichloromethane, for 3 min. 

4. dichloromethane, for 3 min. 

5. dichloromethane, for 3 min. 

6. dichloromethane, for 3 min. 

7. DMF, for 3 min. 

8. activation, for 4 hours, according to the description below: 
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A mixture of PyAOP and HOAt, or alternatively a mixture of HBTU 
and HOBt, 3 molecular equivalents of both components with respect to the 
resin-bound peptide (thus, 0.9 mmol both) in DMF (7 mL), was shaken with the 
resin for 1 min without filtration, followed by addition of 6 molecular equivalents 
of 2 M DIPEA in NMP. 

After step 8 above, the procedures continued as described in 
Example 2, starting from step 13. 

The reagents for activation in this type of cyclization were: 
PyAOP = 7-Azabenzotriazol-1-y!oxytris(pyrrolidino)phosphonium hexafluoro- 
phosphate, CAS No. 156311-83-0, PE Biosystems Cat. No. GEN076531, Mo- 
lecular Weight: 521.4 g/mol 

HOAt = 1-Hydroxy-7-azabenzotriazole, 0.5 M solution in DMF, Applied Biosys- 
tems Cat. No. 4330631 

DIPEA = A/.A^-Diisopropylethylamine, 2.0 M solution in /V-methylpyn-olidinone, 
Applied Biosystems Cat. No. 401517 

For materials in the 'HBTU and HOBt' alternative, see the materials 
indicated in Example 2. 

Starting materials for the 'special' amino acid units (aspartic acid 
and lysine), between which the 'extra' peptide bond was formed: 
Fmoc-Lys(Mtt) Resin, 0.68 mmol/g, Bachem Cat. No. D-2565.0005 
Fmoc-Asp(2-phenylisopropyl ester)-OH, Molecular weight: 473.53 g/mol, 
Bachem Cat. No. B-2475.0005 
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EXAMPLE 22 

SYNTHESIS OF TARGETING UNIT DIREK (NON-CYCLIZED FORM AND 
CYCLIZED FORM THAT IS CYCLIC BY VIRTUE OF LACTAM BRIDGE). CY- 
CLIZATION OF TARGETING UNIT WITH LACTAM BOND (LACTAM BRID- 
GE; 'EXTRA' AMIDE BOND'). STORAGE OF NON-CYCLIC AND CYCLIC 
PRODUCT IN PROTECTED AND RESIN-BOUND FORM TILL USE FOR 
FURTHER SYNTHESES. USE OF PROTECTED RESIN-BOUND TARGET- 
ING UNIT FOR SYNTHESES OF TARGETING AGENTS AND OF TARGET- 
ING UNIT CARRYING A SPACER/LINKER UNIT. PREPARATION OF A 
SPECIFICALLY PROTECTED TARGETING UNIT [FMOC-DIREK (CYCLIC 
BY VIRTUE OF LACTAM BRIDGE), I.E. DIREK (CYCLIC BY VIRTUE OF 
LACTAM BRIDGE) WITH A FMOC GROUP AT ITS AMINO-TERMINAL AMI- 
NO GROUP] 

A 'resinous' analogue of DIREK [resin-bound completely protected 
non-cyclized DIREK] and further, from it, the cyclic fomn (macrolactam) of 
DIREK were prepared by coupling procedures as depicted in Example 2, and 
(the cyclized fomn of protected DIREK) by subsequent formation of the amide 
bridge {i.e., on-resin cyclization) as described in Example 21 above (the 'HBTU 
and HOBf alternative in activation step 8.). 

In addition to the 'general' reagents mentioned in the above 
Examples, the following starting materials were employed (in this order): 
Fmoc-Lys(Mtt) Resin, 0.68 mmol/g, Bachem Cat. No. D-2565.0005 
Fmoc-L-GIu(OtBu)-OH, CAS No. 71989-18-9, Applied Biosystems Cat. No. 
GEN911036, Molecular Weight: 425.5 g/mol 

Fmoc-L-Arg(Pbf)-OH, CAS No. 154445-77-9, Applied Biosystems Cat. No. 
GEN911097, Molecular Weight: 648.8 g/moI 

Fmoc-L-lle-OH, CAS No. 71989-23-6, Perseptive Biosystems Cat. No. 
GEN911045, Molecular Weight: 353.4 g/mol 

Fmoc-Asp(2-phenylisopropyl ester)-OH, Molecular Weight: 473.53 g/moI, 
Bachem Cat. No. B-2475.0005 

The 'resinous' (resin-bound) products prepared can be regarded as 
storage forms of {I.e., are possible source materials for the preparation of) free 
(non-protected, 'plain*) non-cyclic and cyclic DIREK and/or non-cyclic and 
cyclic FMOC-DIREK by FMOC-removal (or not) and deprotection and release 
from resin as described in Example 2. One of them (the cyclized one 
comprising still the FMOC group) also served as actual starting material of the 
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preparation described in Example 23: cyclic Bio-DIREK. Tiie con-esponding 
non-cyclized one comprising still tlie FMOC group in turn served as actual 
starting material of the preparations described in Examples 24-26: cyclic Ahix- 
DIREK, non-cyclic and cyclic FMOC-Ahx-DIREK, and cyclic DTPA-Ahx- 
DIREK. 

Identification of the FMOC-protected product: 
positive mode MALDI-TOF mass spectrum: M+1 ion clearly predominant. 

MALDI-TOF data (FMOC-DIREK, cyclic): 
calculated molecular mass = 863.42 
observed signal: 
864.53 M+H 

EXAMPLE 23 

SYNTHESIS OF TARGETING AGENT BIO-DIREK (CYCLIZED FORM THAT 
IS CYCLIC BY VIRTUE OF LACTAM BRIDGE) 

The 'resinous' source material of Bio-DIREK was prepared by 
treatment of DIREK resin (prepared as described in Example 22, the cyclized 
resinous product) with biotin as described in Example 13 (FMOC removal 
before biotin treatment). The "free" product was obtained by deprotection and 
release from resin (as described in Example 2), and was isolated, purified and 
identified as described in Example 2. 

Identification of the product: 
positive mode MALDI-TOF mass spectrum: M+1 ion clearly predominant. 

MALDI-TOF data (Bio-DIREK, cyclic) 
calculated molecular mass = 867.43 
observed signal: 
868.58 M+H 



i 
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EXAMPLE 24 

SYNTHESIS OF CYCLIC FMOC-PROTECTED TARGETING UNIT 
FMOC-AHX-DIREK (FMOC-PROTECTED CYCLIZED FORM/LACTAM 
FORM/MACROLACTAM FORM) THAT ALSO CARRIES THE SPACER 
AND/OR LINKER UNIT AHX. (CAN ALSO BE CONSIDERED AS A TARGE- 
TING AGENT BY VIRTUE OF THE FMOC GROUP). 

The 'resinous' (resin-bound), protected fomn of uncyclized DIREK 
was prepared as described in Example 22. The spacer/linker unit Ahx 
(6-aminohexanoic acid) that was in its FMOC-protected form [= 
6-(FMOC-amlno)-hexanoic acid], was coupled to the resin-bound targeting unit 
(uncyclized DIREK) whose FMOC group had been removed but that was 
otherwise still fully protected. The general procedure, described in Example 2, 
was employed, yet without the final FMOC removal after coupling. 

Cyclizatlon of Ahx-DIREK was earned out on resin according to the 
general method described In Example 21 applying the 'PyAOP and HOAf 
method variant in activation step 8. 

The product was isolated and identified as described in Example 2. 
Reagent employed as additional starting material: 
Fmoc-6-aminohexanoic acid (Fmoc-6-Ahx-OH), CAS No. 88574-06-5, No- 
vabiochem Cat. No. 04-12-1111 A22837, Molecular Weight: 353.4 g/mol 

Identification of the FMOC-protected product: 
positive mode MALDI-TOF mass spectrum: M+1 ion clearly predominant. 

MALDI-TOF data (FMOC-Ahx-DIREK, cyclic): 
calculated molecular mass = 976.50 
observed signal: 
977.66 M+H 

EXAMPLE 25 

SYNTHESIS OF CYCLIC TARGETING UNIT CARRYING A SPACER 
AND/OR LINKER UNIT (AHX-DIREK, CYCLIC BY VIRTUE OF A LACTAM 
BRIDGE). SOLUTION-PHASE FMOC REMOVAL PROCEDURE 

The preparation of the title product, carried out in solution, started 
from the purified cyclic FMOC-Ahx-DIREK, (i.e., from the FMOC-protected but 
othenwise deprotected targeting unit/agent cleaved from the resin and isolated 
and purified as described in Example 24). 



wo 2004/031221 



'CT/FI2003/000726 



71 

The FMOC-peptide was treated with a piperidine solution (20% by 
volume) In DMF at room temperature for 10 minutes before Immediate 
evaporation under reduced pressure using gentle wanming (rotary evaporator/ 
40 °C bath) during 10 minutes. The residue was mixed with a few drops of 
diethyl ether and, after precipitation, the supematant ether was drained away. 
The residue was dissolved in a small amount of a mixture of acetonitrlle, 
methanol and water (1:1:1 by volume), diluted with water to a concentration 
suitable for HPLC separation, and filtered. The filtrate was purified by using the 
HPLC apparatus and methodology described in Example 2. 

The yield of the purified product was 45%. 

Identification of the product: 
positive mode MALDI-TOF mass spectrum: M+1 ion clearly predominant. 

MALDI-TOF data (Ahx-DIREK, cyclic): 
calculated molecular mass = 754.43 
observed signal: 
755.51 M+H 

EXAMPLE 26 

SYNTHESIS OF TARGETING AGENT 'DTPA-AHX-DIREK' [TARGETING 
UNIT (PEPTIDE/ PEPTIDOMIMETIC ANALOGUE/PEPTIDYL ANALOGUE) 
DIREK THAT IS CYCLIC BY VIRTUE OF A LACTAM BRIDGE, COMPRISING 
THE TARGETING MOTIF IRE; ONE SPACER/LINKER UNIT 
(6-AMINOHEXANOIC ACID = AHX); OR: TARGETING UNIT AHX-DIREK; 
LINKED TO AN EFFECTOR UNIT (DIETHYLENETRIAMINEPENTAACETIC 
ACID (DTPA) MINUS ONE OH)] 

The structure of the targeting agent synthesized: 




without stereochemistry 




The starting material for the synthesis of the cyclic (cycllziced) 
DTPA-Ahx-DIREK (lactam/macrolactam) was a purified sample of cyclic 
Ahx-DIREK, whose preparation is described in Example 25. It was treated with 
diethylenetriaminepentaacetic dianhydride in a manner similar to the one 
described in Example 18 (omitting the first paragraph of the Example), 

Identification of the product: 
positive mode MALDI-TOF mass spectrum: M+1 ion clearly predominant. 

MALDI-TOF data (DTPA-Ahx DIREK, cyclic): 
calculated molecular mass = 1 129.56 
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observed signals: 
11 30.37 M+H 
1168.29 M+K 
1086.39 M-[COO]+H 

EXAMPLE 27 

SYNTHESIS OF TARGETING AGENT BIO8-K4-K2-K-CIRECG (CYCLIC BY 
VIRTUE OF CYSTINE; BIO = D-BIOTIN = VITAMIN H). COMPRISING EIGHT 
IDENTICAL EFFECTOR UNITS D-BIOTIN COUPLED (LINKED VIA A DEN- 
DRIMERIC STRUCTURE THAT CAN BE CONSIDERED AS SEVEN LINKER 
UNITS AND/OR SEVEN SPACER UNITS AND/OR AS ONE LARGER 
SPACER AND/OR LINKER UNIT) EACH VIA ITS CARBOXYL GROUP TO 
ONE AMINO GROUP OF A LYSINE RESIDUE (UNIT), EITHER THE N- 
TERMINAL AMINO GROUP OR THE SIDE-CHAIN AMINO GROUP, AND 
THE DENDRIMERIC STRUCTURE (FOUR LYSINES EACH CARRYING TWO 
EFFECTOR BIOTIN UNITS, THESE LYSINES BEING COUPLED VIA THE 
CARBOXYL FUNCTIONS TO TWO FURTHER LYSINES AND THEY IN 
TURN TO ONE LYSINE AND THIS TO THE AMINO TERMINUS OF THE 
PEPTIDE CIRECG BY VIRTUE OF AN AMIDE BOND, AND ALSO COMPRIS- 
ING THE TARGETING UNIT CIRECG (OR THE TARGETING UNIT CIREC 
AND THE SPACER UNIT G) 

The product has the formula shown below: 



BiOgLys 




Moiety Bi02Lys has the structure depicted in the formula of Bi02Lys- 
X below (X represents the rest of the molecule, not included in the moiety) 
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and can be stated to comprise an eight-fold biotinylated eight-branch den- 
drimeric linker/spacer unit on the N-temninus of CIRECG. 

The fully protected resin-bound peptide CIRECG was prepared as 
described in Example 4. The cyclization by iodine was postponed to be done 
right before the clevage of the final product from the resin. The dendrimeric K4- 
K2-K- linker structure was conctructed by means of the general coupling 
methods described in Example 2, so that the sequence CIRECG was 
continued first with one lysine unit (protected with one FMOC-group on each of 
its two amino groups). Then, the procedure (lysine addition) was repeated 
using doubled amounts of coupling reagents and doubly FMOC-protected 
lysine to couple two more lysine units, one of them on the side-chain amino 
and one on the amino-terminal amino group. Finally, the procedure was 
repeated using four-fold amounts of coupling reagents and protected lysine to 
add still four more FMOC-protected (two FMOC groups on each) lysine units 
(coupling to all available amino groups). 

Biotinylation was done according to the general method described 
in Example 13 using 24 molecular equivalents of coupling reagents and biotin 
to the resin-bound dendrimeric peptide to afford a stucture comprising eight 
biotin units bound to the branched molecule. Cyclization and isolation were 
then perfonmed in a manner similar to that described in Example 15 by means 
of the general methods described. 

Reagent (in addition to materials described in the above Examples): 
Fmoc-L-Lys(Fmoc)-OH, CAS No. 78081-87-5, Molecular weight: 590.7 g/mol, 
PerSeptive Biosystems Cat. No. GEN911095, Hamburg, Genmany. 
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Identification of the product: 
positive mode MALDi-TOF mass spectmm: M+1 ion clearly predominant. 

MALDi-TOF data (Bi08-K4-K2-K-CIRECG, cyclic): 
calculated molecular mass = 3382.55 
observed signals: 
3383.25 M+H 

EXAMPLE 28 

SYNTHESIS OF TARGETING AGENT BIO-IRE (BIO = D-BIOTIN = VITAMIN 
H). COMPRISING THE EFFECTOR UNIT D-BIOTIN COUPLED (LINKED DI- 
RECTLY. WITHOUT SPECIFIC LINKER UNITS) VIA ITS CARBOXYL GROUP 
TO THE N-TERMINAL AMINO GROUP OF THE PEPTIDE IRE BY VIRTUE 
OF AN AMIDE BOND, AND ALSO COMPRISING THE TARGETING UNIT IRE 
The targeting agent was syntlieslzed, isolated, purified and 
identified analogously to tlie procedures in Examples 1 and 1 3 above. 

Identification of the product: 
positive mode MALDI-TOF mass spectrum: M+1 ion clearly predominant, 

MALDI-TOF data (Bio-IRE): 
calculated molecular mass = 642.32 
observed signal: 
643.52 M+H 
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EXAMPLE 29 

SYNTHESIS OF TARGETING AGENT BIO4-K2-K-AHXCIRECG (CYCLIC BY 
VIRTUE OF CYSTINE; BIO = D-BIOTIN = VITAMIN H), COMPRISING FOUR 
IDENTICAL EFFECTOR UNITS D-BIOTIN COUPLED (LINKED VIA A DEN- 
DRIMERIC STRUCTURE THAT CAN BE CONSIDERED AS TWO PLUS ONE 
PLUS ONE LINKER UNITS AND/OR SPACER UNITS AND/OR AS ONE 
LARGER SPACER AND/OR LINKER UNIT) EACH VIA ITS CARBOXYL 
GROUP TO ONE AMINO GROUP OF A LYSINE RESIDUE (UNIT), EITHER 
THE N-TERMINAL AMINO GROUP OR THE SIDE-CHAIN AMINO GROUP. 
AND THE DENDRIMERIC STRUCTURE (TWO LYSINES EACH CARRYING 
TWO EFFECTOR BIOTIN UNITS, THESE LYSINES BEING COUPLED VIA 
THE CARBOXYL FUNCTIONS TO ONE FURTHER LYSINE AND THIS IN 
TURN BY VIRTUE OF AN AMIDE BOND TO THE AMINO GROUP OF ONE 
AHX (6-AMINOHEXANOIC ACID) AND THJS BY VIRTUE OF AN AMIDE 
BOND TO THE AMINO TERMINUS OF THE PEPTIDE CIRECG, AND ALSO 
COMPRISING THE TARGETING UNIT CIRECG (OR THE TARGETING UNIT 
CIREC AND THE SPACER UNIT G) 

The product has the formula shown below: 



Bio 
\ 

Bio - Lys - Lys - Ahx - Cys - lie - Arg 

/ \ \ 

Bio - Lys S Glu 

/ \ / 

Bio S- Cys-Gly-OH 



and can be stated to comprise a four-fold biotinylated four-branch 
linker/spacer unit on the N-termlnus of AhxCIRECG. 

The synthesis was carried out as follows: The fully protected 
resin-bound uncyclized targeting unit (peptide with two spacer/linker units) 
AhxCIRECG was prepared as described in Example 8 above. The cyclization 
with the aid of iodine was postponed to be done right before the clevage of the 
final product from the resin. The branched structure comprising the four biotins 
and the three lysines was conctructed by means of the general coupling 
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methods described in Example 2, so that the sequence AhxCIRECG was 
continued first with one lysine unit (protected with one FMOC-group on each of 
Its two amino groups). Then, the procedure (lysine addition) was repeated 
using doubled amounts of coupling reagents and the doubly protected (FMOC 
groups) lysine, in order to couple two more lysine units, one of them on the 
side-chain amino and one on the amino-tennlnal amino group of the first- 
coupled lysine unit. 

Biotinylation was done according to the general method described 
in Example 13 using 12 molecular equivalents of coupling reagents and biotin, 
employing the resin-bound branched peptide, to afford a stucture comprising 
four biotin units. Cyclization and isolation were then perfomned in a manner 
similar to that described in Example 15 by means of the general methods 
described. 

Reagent (in addition to the materials described in tiie above 
Examples): 

Fmoc-L-Lys(Fmoc)-OH, CAS No. 78081-87-5, Molecular weight: 590.7 g/mol, 
PerSeptive Biosystems Cat. No. GEN91 1095 

Identification of the product: 
positive mode MALDI-TOF mass spectrum: M+1 ion cleariy predominant. 

MALDI-TOF data (Bi04-K2-K-AhxCIRECG, cyclic): 
calculated molecular mass = 2078.94 
observed signal: 
2079.85 M+H 

EXAMPLE 30 

SYNTHESIS OF THE D-AMINO ACID ANALOGUES/OPPOSITE ENEN- 
TIOMERS/'MIRROR IMAGES' OF THE PRODUCTS OF THE PREVIOUS 
EXAMPLES 

Any one of the products (targeting units, targeting motifs, targeting 
agents and protected, resin-bound, FMOC-protected substances, and any 
others) can be prepared in exactly similar fashion as those described in any 
one of the previous Examples, as the corresponding D-series analogues 
(comprising in all cases a D-amino acid or unnatural amino acid or a 
derivative/protected form/activated form etc. of such, instead of the L-one or a 
derivative/protected form/activated form etc. of such, and more generally, the 
opposite enantiomer of any chiral/optically active entity etc.) by using the 
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opposite enantiomer of each chiral and/or optically active substance(s) 
employed In the appropriate 'original' Example given above, as those skilled in 
the art understand, and by acting othenwise In a manner exactly similar to that 
given In the appropriate Example above. So the 'opposite enantiomer' or 
'mirror image' of each product described in the above Examples is obtained. 

EXAMPLE 31 

GENERAL PROCEDURES FOR PREPARATION OF GLUTATHIONE- 
S-TRANSFERASE (GST) -FUSION PROTEINS. PREPARATION OF FUSION 
PROTEINS FOR USE AS TARGETING AGENTS/UNITS 

Synthetic DNA sequences encoding the desired amino acid 
sequences were produced by annealing two complementary oligonucleotides 
(Genset SA) comprising either EcoRI or BamHI restriction sites in their 5' ends, 
and a stop codon in the 3' end of the coding strand, at 65°C for 1 min. For 
production of the DNA encoding the targeting peptides, partially overiapping 
oligonucleotides were used and the double-stranded product was synthesized 
at 72°C for 30 s in the presence of free dNTPs. 

The following oligonucleotides were used for production of the DNA 
encoding the different targeting sequences: 
GCIREC: 

forwarxl primer 5' -CGGGATCCGGGTGTATTCGGGAGTGTTGA- 3"; 
reverse primer: 5' -GGAATTCTCAACACTCCCGAATACACCC- 3' 
IQLRDWGFIL: 
forward primer 

5' -CGGGATCCATTCAGTTGCGTGATrGGGGTTTTATTrTGTGAGAATrCC- 3' 
reverse primer 

5' -GGAATTCTCACAAAATAAAACCCCAATCACGCAACTGAATGGATCCCG- 3' 

IQLRD: 

forward primer S'-CGGGATCCATTCAGTTGCGTGATTGAGAATTCC- 3'; 
reverse primer 5'-GGAATTCTCAATCACGCAACTGAATGGATCCCG- 3' 
LRELSMGYFK: 
forward primer: 

5" -CGGGATCCTTGCGTGAGTTGAGTATGGGTTATTTTAAGTGAGAATTCC- 3" 
reverse primer: 

5' -GGAATTCTCACTTAAAATAACCCATACTCAACTCACGCAAGGATCCCG- 3' 
LRELS: 
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forward primer. 5'-CGGGATCCTTGCGTGAGTTGAGTTGAGAATTCC- 3' 
reverse primen 5* -GGAATTCTCAACTCAACTCACGCAAGGATCCCG- 3' 
CERIC: 

forward primen 5' -CGGGATCCTGTGAGCGGATTTGTTGAGAATTCC- 3' 
reverse primer: 5' -GGAATTCTCAACAAATCCGCTCACAGGATCCCG- 3' 
GIRE: 

forward primer 5' -CGGGATCCGGTGAGCGGATTTGAGAATTC- 3', 
reverse primer 5'-GGAATTCTCAAATCCGCTCACCGGATCCC- 3' 
IRE: 

forward primer. 5' -CGGGATCCATTCGGGAGTGAGAATTC- 3', 
reverse primen 5' -GGAATTCTCACTCCCGAATGGATCCC- 3' 
GERI: 

forward primen 5' -CGGGATCCGGTGAGCGGATTTGAGAATTC- 3', 
reverse primen 5' -GGAATTCTCAAATCCGCTCACCGGATCCC- 3' 
ERI: 

forwarxl primen 5' -CGGGATCCGAGCGGATTTGAGAATTC- 3', 
reverse primen 5' -GGAATTCTCAAATCCGCTCGGATCCC- 3' 

The double-stranded products were digested with BamHI and EcoRI 
and the fragments were ligated Into the corresponding restriction sites of the 
pGEX-2TK vector (AmershamPharmacIa Biotech). Competent E. coli BL21 
bacteria were transformed with the ligation mixture and transformants were 
screened using colony-PCR (PGR = polymerase chain reaction). Primers 
specific for the insert-flanl<ing regions of the pGEX vector were used for 
identification of the inserts (fonward primer: 5'-GCATGGCCTTTGCAGGG-3'; 
reverse primer: 5'-AGCTGCATGTGTCAGAGG-3'). DNA was Isolated from 
positive clones using a QIAprep Spin miniprep kit (cat. no. 27106; Qiagen). 

The DNA sequence of the constructs was determined with an ALF 
automated DNA sequencer (AmershamPharmacIa Biotech) using the same 
primers as for the colony-PCR. Large scale production and purification of GST 
and of GST-fusion proteins was done according to AmershamPharmacla's 
Instructions (GST detection module instructions, Technical document 
XY0460012-Rev.8.pdf; Uppsala, Sweden). The size, quantity and purity of the 
GST-fusion proteins were e)^mined by SDS-PAGE (= sodium-dodecyl- 
sulphate polyacrylamlde-gel electrophoresis). 
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EXAMPLE 32 

IN VIVO TARGETING OF TUMORS IN MICE 

In this example in vivo targeting of the targeting units prepared in 
the previous examples is shown for three different types of primary tumors (fi- 
brosarcoma. Kaposi's sarcoma, melanoma) and for melanoma metastases in 
lung. It is shown that the tested targeting units according to the present inven- 
tion selectively target to primary tumors and to metastases in vivo but not to 
normal tissues or organs. 

CELL LINES AND TUMOR-BEARING MICE 

The following tumor cell lines were used to produce experimental 
tumors in mice: 

"ODC sarcoma cells", (OS), originally derived from tumors that were 
formed in nude mice to which had been administered NIH3T3 mouse fibro- 
blasts transformed by virtue of ornithine decarboxylase (ODC) overexpression 
and have been described earlier (Auvinen et al., 1997). 

Kaposi's sarcoma cell line, KS1767, (KS), has been described pre- 
viously (Hemdier et al., 1996). 

A human melanoma cell line C8161 (M) was also used and has 
been described by Welch et al. (1991). 

The cell lines were cultured in Dulbecco's Modified Eagle's Medium 
(DMEM; Bio-Whittaker) supplemented with 5-10% fetal calf serum (FCS; Bio- 
Whittaker), 1% L-glutamlne (Bio-Whittaker) and 1% penicillin/streptomycin 
(Bio-Whittaker). 

EXPERIMENTAL TUMOR PRODUCTION 

For production of experimental tumors, the cells listed above (OS, 
KS and melanoma: 0.5 x 106 cells, were injected subcutaneously into both 
flanks of nude mice of the strains Balb/c Ola Hsd-nude, NMRI/nu/nu or 
Athymic-nu (all mice of both strains were from Harlan Laboratories). Tumors 
were harvested when they had reached a weight of about 0.4 g. 

Metastases (mostly formed in the lungs) were produced by injection 
of melanoma cells i.v. into Balb/c Ola Hsd-nude mice. The mice were kept 4-6 
weeks, and then targeting experiments were performed. 
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Tumor-bearing or metastase-bearing mice were anesthesized by 
administering 0.02 ml/g body weight Avertin [10 g 2,2,2-tribromoethanol 
(Flulo) in 10 ml 2-methyl-2-butanol (Sigma Aldricli)] intraperitoneally (i.p.). 

IN VIVO TARGETING AND DETECTION OF TARGETING 

For localization of the targeting peptides KS, OS or melanoma tu- 
mor-bearing or metastase-bearing NMRI nude mice were anesthesized and 1 
or 2 mg of GST-fusion proteins prepared in Example 25 in DM EM, or GST 
alone in DMEM as control, was injected intravenously or intraperitoneally. Al- 
tematively, either 1 or 2 mg of biotinylated synthetic targeting peptide (pre- 
pared in Example) was injected i.v. 5-10 min after the i.v. injections, the mice 
were perfused via the heart using a winged infusion 25G needle set (Terumo) 
with 50 ml DMEM. Then, their organs were dissected and frozen in liquid nitro- 
gen, in some cases, a GST-fusion protein was injected i.v. as above, and then 
the mice were sacrified after 30 min, 4 h, 8 h or 18 h, without perfusion, and 
then tumors and control organs (liver, kidney, spleen, heart, brain) were dis- 
sected and frozen in liquid nitrogen. Intraperitoneally injected mice were kept 
24 h before sacrification, and then tumors and control organs were dissected 
and frozen as above. 

The GST-fusion proteins (and GST as control) were detected on 10 
micrometer cryosections by goat anti-GST antiserum (AmershamPharmacia). 

Biotinylated peptides/peptidomimetic anatogues/peptidyl analogues 
(targeting agents) were detected on 10 micrometer cryosections using AB 
(avidin-biotin) -complex containing avidin, and biotinylated HRP (Vectastain 
ABC-kit, cat no. PK6100; Vector Laboratories) with diaminobenzidine (DAB 
substrate kit, cat no. 4100, Vector Laboratories). 

The results of the in vivo targeting experiments are shown in Table 

2. 
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TABLE 2 

Targeting agent dose targeting tumor tumor liver Icidney spleen lieart brain 

time type 
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EXAMPLE 33 

SYNTHESIS OF TARGETING AGENT AOA-DIREK (AOA = AMINO- 
OXYACETYL = NH2OCH2CO), COMPRISING THE EFFECTOR UNIT AMINO- 
OXYACETIC ACID COUPLED (LINKED DIRECTLY. WITHOUT SPECIFIC 
LINKER UNITS) VIA ITS CARBOXYL GROUP TO THE N-TERMINAL AMINO 
GROUP OF THE PEPTIDE DIREK BY VIRTUE OF AN AMIDE BOND, AND 
ALSO COMPRISING THE TARGETING UNIT DIREK, THAT IS CYCLIC BY 
VIRTUE OF LACTAM BRIDGE BETWEEN THE SIDE CHAINS OF THE OUT- 
ERMOST MEMBERS OF THE SEQUENCE 

The targeting agent was synthesized using manual synthesis, as 
described In Example 2 above, by continuing the resin-bound cyclized se- 
quence DIREK, described in Example 22, with amino-oxyacetic acid. The 
product was freed fom the resin, purified, and identified by means of M-t-1 ion 
in MALDI-TOF spectrum as described in Example 2. 

Reagent used: 

Boc-amlno-oxyacetic acid; Boo-NH-OCH2-COOH, molecular weight: 191.2 
g/mol, Novabiochem product. No. 01-63-0060 

MALDI-TOF data (Aoa-DIREK, cyclic): 
calculated molecular mass - 714.36 
observed signal: 
715.36 M+H 



RECTIFIED SHEET (RULE 91) 
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EXAMPLE 34 

SYNTHESIS OF TARGETING AGENT DXRB-AOA-DIREK (DXRB = 
DOXORUBICIN LINKED VIA ITS PERIPHERAL CARBONYL GROUP BY 
LOSS OF ONE OXYGEN), COMPRISING THE EFFECTOR UNIT DOXORU- 
BICIN COUPLED VIA ITS CARBONYL GROUP AT HYDROXYACETYL MOI- 
ETY BY OXIME LIGATION TO THE AMINOOXY GROUP OF AOA-DLRSK [A 
TARGETING AGENT (DERIVATIVE OF PEPTIDE) COMPRISING THE 
LINKER (LIGATION) UNIT AMINOOXYACETIC ACID COUPLED (LINKED 
DIRECTLY, WITHOUT SPECIFIC LINKER UNITS) VIA ITS CARBOXYL 
GROUP TO THE N-TERMINAL AMINO GROUP OF THE PEPTIDE DIREK BY 
VIRTUE OF AN AMIDE BOND], AND ALSO COMPRISING THE TARGETING 
UNIT DIREK, THAT IS CYCLIC BY VIRTUE OF LACTAM BRIDGE BETWEEN 
THE SIDE CHAINS OF THE OUTERMOST MEMBERS OF THE SEQUENCE 

The targeting agent was synthesized by stirring Aoa-DIREK, de- 
scribed above in Example 33, with equimolar amount of doxorubicin hydrochlo- 
ride In methanol solution (concentration 0.0025M) at room temperature in dark 
for three days. The product was isolated by evaporation of solvents and puri- 
fied by reverse phase HPLC, as described in Example 2, including the identifi- 
cation of the product on the basis of its M+1 ion in positive mode MALDI mass 
spectrum. 

Reagent used: 

Doxorubicin hydrochloride, CAS No. 25316-40-9, Molecular weight: 580.0 
g/mol, Fluka Cat No. 44583 

MALDI-TOF data (Dxrb-Aoa-DIREK, cyclic): 
calculated molecular mass = 1239.53 
observed signal: 
1240.38 M+H 
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EXAMPLE 35 

SYNTHESIS OF TARGETING AGENT AAHX-DIREK {AAHX = 6-[(AMINO- 
OXYACETYL)-AMINO]-HEXANOYL, I.E. NH20CH2C(0)NH(CH2)5C(0)}, 
COMPRISING THE EFFECTOR/LINKER/SPACER UNIT [6-(AMINO- 
0XYACETYL)-AMIN01-HEXAN0IC ACID (= AAHX) COUPLED VIA ITS 
CARBOXYL GROUP TO THE N-TERMINAL AMINO GROUP OF THE PEP- 
TIDE DLRSK BY VIRTUE OF AN AMIDE BOND. AND ALSO COMPRISING 
THE TARGETING UNIT DIREK, THAT IS CYCLIC BY VIRTUE OF LACTAM 
BRIDGE BETWEEN THE SIDE CHAINS OF THE OUTERMOST MEMBERS 
OF THE SEQUENCE 

The targeting agent was synthesized using manual synthesis as de- 
scribed in Example 2 above (analogously to the synthesis in Example 22 
above, including cyclization). Next, the sequence of the still functionally jaro- 
tected resin-bound DIREK was continued with 6-aminohexanoic acid and, in 
the next cycle, with amino-oxyacetic acid by means of the general coupling 
methods described In Example 2 including the final resin cleavage and purifi- 
cation. The identification was based on the M+1 ion in the positive mode 
MALDI mass spectrum. 

Reagents used: 

Fmoc-6-aminohexanolc acid; Fmoc-NH-(CH2)5-COOH, CAS No. 88574-06-5, 
Novablochem Cat. No. 04-12-1 1 1 1 A22837, Molecular Weight: 353.4 g/mol 
Boc-amino-oxyacetic acid; Boc-NH-OCH2-COOH, Molecular weight: 191.2 
g/mol, Novabiochem Cat. No. 01-63-0060 

MALDI-TOF data (Aahx-DIREK, cyclic): 
calculated molecular mass = 827.45 
observed signals: 
828.56 M+H 
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EXAMPLE 36 

SYNTHESIS OF TARGETING AGENT DTPTAP-AAHX-DIREK COMPRISING 
THE TARGETING MOTIF IRE IN CYCLIC TARGETING UNIT DIREK, AND 
ALSO COMPRISING A POTENTIAL METAL CHELATOR AS EFFECTOR 
UNIT: DIETHYLENETRIAMINEPENTAACETIC TETRAACID MONO-(P- 
ACETYLPHENYL)-AMIDE (= DTPTAP) THAT IS LINKED BY OXIME LIGA- 
TION VIA THE 6-(AMINOOXYACETYL)AMINOHEXANOYL SPACER UNIT (= 
AAHX) TO THE TARGETING UNIT 

The synthesis of the chelator-peptide combination Dtptap-Aahx- 
DIREK took place by fomnation of imino-oxy bond (oxime ligation) between the 
linkable chelator compound designated as "Dtptap-O", i.e. N,N-bis-[N,N- 
bis(carboxylmethyl)- aminoethyl]-glycine p-acetylphenyl-amide, and the amlno- 
oxy derivatized peptide Aahx-DIREK: Equimolar amounts of ketone "Dtptap- 
O", described in the end of this example, and Aahx-DIREK, described in Ex- 
ample 35 above, were dissolved in methanol as 0.005 M solution. After two 
days' stirring the solvent was evaporated and the residue purified by HPLC as 
described in Example 2. The product was identified by means of its M+1 ion of 
postive mode MALDI mass spectrum (taking into account that the reagents 
loose H2O by linking together). 

MALDI-TOF data (Dtptap-Aahx-DIREK): 
Calculated molecular mass = 1319.64 
Observed signal: 
1319.57 M+1 

The synthesis of the linkable chelator compound designated as 
"Dtpte45-0", i.e. diethylenetriaminepentaacetic tetraacid mono-Oo-acetylphenyl)- 
amide where the midmost acetic group Is derivatized as substituted amide, i.e. 
N,N-bis-[N,N-bis(carboxylmethyl)- aminoethyl]-glycine p-acetylphenyl-amide: 

Diethylenetriaminepentaacetic dianhydride (DTPA-anhydride) and 
p-aminoacetophenone were coupled together using PyBroP/DIPEA for activa- 
tion as follows: 

0.5 mmol of DTPA-anhydride and 0.5 mmol of PyBroP were dis- 
solved in DMSO (3mL ) and combined , then 1.0 mmol of DIPEA in 0.5 mL of 
NMP was added, and after two minutes stirring 0,5 mmol of p- 
amlnoacetophenone in 1 mL of DMSO was mixed in. After three hours' stirring 
the mixture was diluted in diethyl ether and centrifuged. The precipitate was 
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gathered and dissolved In 4:1 mixture of 0.1% TFA-water and acetonitrile. 
Next, the solution was subjected to HPLC purification as described in Example 
2 and Identified by means of Its M+1 signal in positive mode l\/IALDI mass 
spectrum. 

MALDI-TOF data (Dtptap-O): 
Calculated molecular mass = 510.20 
Observed signal: 
510.98 M+1 

Reagents used in the syntyhesis of Dtptap-O: 
Diethylenetriaminepentaacetic dianhydride, CAS No. 23911-26-4, molecular 
weight: 357.32 g/mol, Aldrich cat. no. 28,402-5. 

p-aminoacetophenone; 4'-aminoacetophenone, CAS No. 99-92-3, molecular 
weight: 135.17 g/mol, Acros Organics (New Jersey, USA) cat. No. 103090250. 

EXAMPLE 37 

SYNTHESIS OF TARGETING AGENT GD-DTPTAP-AAHX-DIREK COMP- 
RISING THE TARGETING MOTIF IRE IN CYCLIC TARGETING UNIT DIREK, 
AND ALSO COMPRISING CHELATED GADOLINIUM (= GD) IN DETECTAB- 
LE EFFECTOR UNIT COMPRISING DIETHYLENETRIAMINEPENTAACETIC 
TETRAACID MONO-(P-ACETYLPHENYL)-AMIDE CHELATOR (= DTPTAP) 
THAT IS LINKED BY OXIME LIGATION VIA THE 6- 
(AMINOOXYACETYL)AMINOHEXANOYL SPACER UNIT (= AAHX) TO THE 
TARGETING UNIT 

Equimoiar amount of 0.01 M aqueous Gadolinium(lll) chloride hy- 
drate was added In 0.0034 M Dtptap-Aahx-DIREK solution in 0.01 M ammo- 
nium bicartjonate. After staying overnight the mixture was lyophilized (freeze 
dried) and subjected to HPLC purifcation as described In Example 2 and iden- 
tified by means of its M-1 ion in negative mode MALDI-TOF mass spectrum, 
taking into account the loss of three hydrogens of "Dtptap" moiety as a conse- 
quence of chelation. 

MALDI-TOF data (Gd-Dtptap-Aahx-DIREK): 
calculated molecular mass = 1473.53, based on the most abundant isotope of 
each atom 
observed signal: 
1472.88 M+1 
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Reagents used in the synthesis: 
Dtptap-Aahx-DIREK, described in Example 36 

Gadolinium(lll) chloride hydrate, CAS No. 19423-81-5, Aldrich cat No. 45,085- 
5, 41.0%Gd, 

EXAMPLE 38 

SYNTHESIS OF TARGETING AGENT DTPTAP-AAHX-DERIK COMPRISING 
THE TARGETING MOTIF ERI IN CYCLIC TARGETING UNIT DERIK, AND 
ALSO COMPRISING A POTENTIAL METAL CHELATOR AS EFFECTOR 
UNIT: DIETHYLENETRIAMINEPENTAACETIC TETRAACID MONO-(P- 
ACETYLPHENYL)-AMIDE (= DTPTAP) THAT IS LINKED BY OXIME LIGATI- 
ON VIA THE 6-(AMINOOXYACETYL)AMINOHEXANOYL SPACER UNIT (= 
AAHX) TO THE TARGETING UNIT 

The amino-oxy derivatized peptide Aahx-DERIK was prepared 
analogously to "Aahx-DIREK", described in Example 35, with the exception of 
the order of the couplings: the appropriate reagents to produce isoleusine (lie) 
and glutamic acid (Glu) units of the sequence change their places. The syn- 
thesis of the chelator-peptide combination Dtptap-Aahx-DERIK took place by 
formation of imino-oxy bond (oxime ligation) between the linkable chelator 
compound designated as "Dtptap-O", i.e. N,N-bis-[N,N-bis(carboxylmethyl)- 
aminoethyl]-glycine p-acetylphenyl-amide, and the amino-oxy derivatized pep- 
tide Aahx-DERIK. The oxime ligation was analogous to Example 36 (with the 
exception of the peptide sequence included). 

MALDI-TOF data (Dtptap-Aahx-DERIK): 
calculated molecular mass = 1319.64 
observed signal: 
1320.63 M+1 
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EXAMPLE 39 

SYNTHESIS OF TARGETING AGENT CBP-DIREK [CBP= 5-(1-0- 
CARBORANYL)-PENTANOYL], COMPRISING THE EFFECTOR UNIT 5-(1-0- 
CARBORANY!.>-PENTANOIC ACID COUPLED (LINKED DIRECTLY, WITH- 
OUT SPECIFIC LINKER UNITS) VIA ITS CARBOXYL GROUP TO THE N- 
TERMINAL AMINO GROUP OF THE PEPTIDE DIREK BY VIRTUE OF AN 
AMIDE BOND, AND ALSO COMPRISING THE TARGETING UNIT DIREK, 
THAT IS CYCLIC BY VIRTUE OF LACTAM BRIDGE BETWEEN THE SIDE 
CHAINS OF THE OUTERMOST MEMBERS OF THE SEQUENCE 

The targeting agent was synthesized using manual synthesis as de- 
scribed in Example 2 above (analogously to the synthesis In Example 22 
above, including cycllzation). Next, the sequence DIREK was continued with 5- 
(1-o-carboranyl)-pentanoic acid by means of the general coupling techniques 
described in Example 2. 

Reagent used: 

5-(1-o-cari3oranyl)-pentanolc acid, Katchem, Prague, Czech Republic, 
F.W.244.34 g/mol 

MALDI-TOF data (Cbp-DIREK, cyclic): 
Calculated molecular mass = 859.61 (basis B10, abund. 20%). 869.56 (basis 
811 abund. 80%). 

Average molecular weight = 868.04 g/mol. 
Observed signals: 

Multiplet with highest peaks at 868.61 and 869.61 : M+H 
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CLAIMS 

1 . A tumor targeting unit comprising a peptide sequence: 

Cy-Rrn-Dd-Ee-Ff-Rrm-Cyy 
or a pliamiaceutically or physiologically acceptable salt thereof, 

wherein, 

Dd-Ee-Ff is Aa-Bb-Cc, Cc-Bb-Aa, Bb-Cc-Aa, Aa-Cc-Bb, Cc-Aa-Bb 
or Bb-Aa-Cc, wherein 

Aa, is isoleucine, leucine or fe/t-leucine, or a structural or functional 
analogue thereof, 

Bb is arginine, homoarginine or canavanlne, or a structural or func- 
tional analogue thereof; 

Cc Is glutamic acid or aspartic acid, or a structural or functional ana- 
logue thereof; 

Rr are each, independently, any amino acid residue or structural or 
functional analogues thereof; 

n and m are. Independently, 0-8, and the sum of n and m does not 
exceed eight; and, 

Cy and Cyy are optional entities capable of fomiing a cyclic stmc- 

ture. 

2. The tumor targeting unit according to claim 1 , wherein Dd-Ee-Ff 
is Aa-Bb-Cc or Cc-Bb-Aa. 

3. The tumor targeting unit according to any of claim 1 or 2, wherein 
the peptide is cyclic or forms part of a cyclic structure. 

4. The tumor targeting unit according to claim 3, wherein the cyclic 
structure is fomried through an amide, lactam or disulphide bond. 

5. The tumor targeting unit according to any one of claims 1 to 4, 
wherein wherein one of Cy and Cyy Is aspartic acid, glutamic acid or a struc- 
tural or functional analogue thereof, and the other is lysine, omithlne or a struc- 
tural or functional analogue thereof. 

6. The tumor targeting unit according to any one of claims 1 to 4, 
wherein Cy and Cyy are cysteine or a structural or functional analogue thereof. 

7. The tumor targeting unit according to any one of claims 1-6, 
wherein the sum of n and m is two to seven. 
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8. The tumor targeting unit according to claim 7, wherein the sum of 
n and m is two. 

9. The tumor targeting unit according to any one of claims 1-6, 
wherein Rrn and Rrm are absent. 

10. The tumor targeting unit according to any one of claims 1-8, 
wherein Rr is any amino acid residue, except histidine or lysine. 

1 1 . The tumor targeting unit according to claim 10, wherein Rr is se- 
lected from the group consisting of glycine, arginine and structural or functional 
analogues thereof. 

12. The tumor targeting unit according to any one of claims 1 to 11, 
wherein Dd-Ee-Ff is IRE, LRE, LRD or ERI or a stmctural or functional ana- 
logue thereof. 

13. The tumor targeting unit according to claim 6 having the formula 
CIREC (SEQ ID NO. 1) or CERIC (SEQ ID NO. 2). 

14. The tumor targeting unit according to claim 5 having the fomiula 
selected from the group consisting of DIREK (SEQ ID NO. 3), DERIK (SEQ ID 
NO. 4) and being cyclic by virtue of a lactam bond between D and K. 

15. The tumor targeting unit according to any one of claims 1 or 2 
having the fonmula selected from the group consisting of IQLRD (SEQ ID NO. 
5), IQLRDWGFIL (SEQ ID NO. 6), LRELS (SEQ ID NO. 7) and LRELSMGYFK 
(SEQ ID NO. 8). 

16. The tumor targeting unit according to any of the previous claims, 
wherein the unit is derivatized, activated, protected, resin bound or other sup- 
port bound. 

17. A tumor targeting agent comprising at least one targeting unit of 
any of claims 1 to 16, directly or indirectly coupled to at least one effector unit. 

1 8. The tumor targeting agent according to claim 17, wherein the ef- 
fector unit is a directly or indirectly detectable agent or a therapeutic agent. 

19. The tumor targeting agent according to claim 18, wherein the 
detectable agent comprises an affinity label, a fluorescent or luminescent label, 
a chelator, a metal complex, an enriched isotope, radioactive material or a 
paramagnetic substance. 

20. The tumor targeting agent according to claim 19, wherein the 
detectable agent is a rare earth metal. 

21 . The tumor targeting agent according to claim 20, wherein the 
detectable agent is gadolinium. 
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22. The tumor targeting agent according to claim 18, whierein the 
therapeutic agent is selected from the group consisting of cytotoxic and cy- 
tostatic substances and radiation emitting substances, 

23. The tumor targeting agent according to claim 22, wherein the 
therapeutic agent is selected from the group consisting of doxorubicin, daun- 
orubicin, methotrexate or boron. 

24. A diagnostic or pharmaceutical composition comprising at least 
one targeting unit according to any one of claims 1 to 16, or at least one target- 
ing agent according to any one of claims 17 to 23. 

25. Use of a targeting unit according to any one of claims 1 to 16, or 
a targeting agent according to any one of claim 17 to 23 for the preparation of 
a medicament for the treatment of cancer or cancer related diseases. 

26. The use according to claim 25, wherein said cancer is a solid 

tumor. 

27. The use according to claim 26, wherein the cancer is selected 
from the group consisting of carcinoma, sarcoma, melanoma or metastases. 

28. A method for treating cancer or cancer related diseases, com- 
prising providing to a patient in need thereof a therapeutically effective amount 
of a pharmaceutical composition according to claim 24. 

29. The method according to claim 28, wherein said cancer or can- 
cer related disease is a solid tumor. 

30. The method according to claim 29, wherein said solid tumor is 
selected from the group consisting of carcinoma, sarcoma, melanoma or me- 
tastases. 
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